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Abstract 
This research was concerned with the synthesis and reactions of nitrile 
ylides conjugated with two aromatic rings, of which one was a heteroaromatic 
ring and the other was a benzene ring. 
After the nitnie ylides were prepared they reacted exclusively via 1,7-
electrocyclisation to form azepines with two fused rings. The reactions 
demonstrated a high level of periselectivity in thiophene, but a much lower 
preference in pyridine. No difference in reactivity was observed in the 
cyclisation on to electron rich or poor rings, both gave high yields of products. 
This research has also developed a new general synthesis of the 
amide precursors for nitrile ylides by the use of the novel boronic acid 2-N-
benzoylaminomethylphenylboronic acid. 
Further research was also undertaken to develop another route to the 
amide precursors to the nitrile ylide via a scheme which requires the 
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The term 1,3-dipole refers to a three-atom group a+-b-c - in whicha has an 
electron sextet, and Q has an unshared electron pair, Le..a has a formal positive 
charge and.Q has a formal negative charge 1 . Dipoles are commonly prepared in 
situ, since most of them are not stable enough to isolate. However, the system 
is stablised if 12 is capable of donating an electron pair as shown below. 
ab—c 
	 + - 
Sextet Formula 	 Octet Formula 
This donation of the electron pair leads to a more stable canonical form of 
the hybrid with the formal positive charge now on atom b, in which each atom 
has an octet of electrons. The octet stablised 1,3-dipoles are divided into two 
classes (1) and (2); those with an extra bond, between atoms a and 12, the 
propargyl-allenyl type (a=b-c -); and those without, the allyl type (a+-b-cj. The 
allenyl-propargyl type must have nitrogen as atom b, since it is the only element 
capable of donating an electron pair whilst in the neutral trivalent state. The allyl 
type can have either nitrogen or oxygen as atom J2. Variation of atoms A, b, and 
, enables the construction of a wide range of 1,3-dipolar systems as illustrated 




1,3-Dipoles with Octet Stablisation 
1,3-Dipoles with an extra double bond (allenyl-propargyl) 
CNC\ 	 4 	 CNC\ 	 Nitrile ylides 
+ 	 — + 
'4 	 —C=N=N— 	 Nitrile imines 
—CN—ö 	 Nitrile oxides 
NN — C 	 4 	 N=N=C 	 Diazoalkanes 
\ 
NN — N — — 	 4 	 N=N=N— 	 Azides 
+ 	 — + 
NN — O 	 '4 ' 	NN=O 	 Nitrous oxide 
1,3-Dipoles without an extra double bond (ally[ type) 
/CNC 	 4 	 /CNC 	 Azomethine ylides 
C=N—N— 	4 	 C—N=N— 	Azomethineimines "I 
+ — 	 + 
CN0 	 Azomethine oxides 
"I 
+ — 	 — + 
00-0 0-0=0 	 Ozone 
C00 	 4 	 / C00 	 Carbonyl oxides /  
5 
The geometry of the two types of dipoles above are different. Allenyl-
propargyl dipoles tend to be linear due to the presence of the extra (orthogonal) 
double bond, while allyl dipoles are bent. The overall structure of 1,3-dipoles is 
best described by the resonance forms below. The example given is for a nitnie 
ylide with canonical forms (1) - (5). All examples hereafter, will use wherever 
possible either nitrile ylides or nitrile oxides as illustrations as these are the 1,3-
dipoles used during the course of this work. 
	
+ .. 	 + 
R—CN—CR2 	 R—CN—CR2 
(1) 	 (2) 
+ 	 .. 	




The "1,3-dipolar" canonical forms (1) and (5) are the sextet structures, 
these forms of the hybrid give the best visual representation of the term 1, 3-
dipole. Structure (4) demonstrates the carbene form and the most stable 
representations are the octet structures (2) and (3). 
All 1,3-dipoles have a molecular orbital system analogous to that of the 
allyl anion (CH2=CH-CH2 -), in which there are 4i-electrons delocalised over 















In the 1,3-dipoles the energies and the orbital coefficients are modified 
due to the presence of the hetero-atoms, e.g. formonitrile methylide. 
038 015 076 
'P3 LUMO 
HOMO 
083 021 053 
HOMO and LUMO of allyl anion 
	




1.2 	Structures of Nitrile Ylides and Nitrile Oxides 
Nitrile ylides and nitrile oxides are both of the propargyl-allenyl type and 
belong to a class of 1,3-dipoles known as nitrilium betaines. In all propargyl-
allenyl dipoles the extra bond between the first two atoms takes the form of a it-
bond in the plane perpendicular (orthogonal) to the allyl system and generally 
leads to the 1,3-dipoles of this type adopting a linear conformation as shown 















Huisgen 1 , suggested in 1963 that nitrile ylides would prefer a linear and 
planar conformation (6), since this would maximise the allyl resonance with 
maximum overlap of the orthogonal double bond. He thought that the bent form 
(7) was likely to be less important. 
Molecular orbital calculations 2 .3 , were made on the assumption that the 
nitrile ylide had a linear geometry. These calculations gave the coefficients for 
the frontier molecular orbitals (f.m.o.'s). However, predictions made based upon 
these coefficients gave the opposite regioisorner to that obtained expenmentally. 
Therefore, Houk concluded that the geometry must be wrong, and then made 
further calculations with geometry optimisation 45. These showed that the linear 
planar conformation (8) was not the preferred form and that the bent nitrile ylide 
(9) was the more stable by 11.1 kcalmol -1 . 




C—NILC-- -- 118-20 . 
251 -40J 
(9) 
Predictions made towards regioselectivity with the corrected f.m.o. values 
for nitrile ylides then agreed with that obtained experimentally. Similar 
calculations were carried out on nitrile oxides and nitrile imines which indicated 
that nitrile oxides have a linear geometry (10), which is more stable than the bent 




H C N 0 
(11) 
For nitnle imines the energy difference between (12) and (13) is small, 
(13) being more stable than (12) by 3.9 kcalmol -1 
H& °l20 	
1801° , 2591° 
1 -- 751° 
N H H - 	N 
(181-10) 	 1903° 
(12) 	 (13) 
1.3 	Generation of Nitrile Ylides and Nitrile Oxides 
1,3-Dipoles as previously stated are reactive intermediates and cannot 
generally be isolated. Thus, they are usually generated in situ in the presence of 
the appropriate reactant. The most widely used routes for the generation of 





OH 	 + 
R—CNV' R—CN—O 
(15) 	 (19) 
X=Cl, Br, I, NO2 
RCH2NO2 
(18) 








V = N(0)CHR, ON=GHR 
Scheme 1 
The two most common methods are from the hydroximic acid halides 6 
(14) or from the primary nitroalkanes 7 (18). The hydroximic acid halides (14), 
10 
Scheme 2, can be dehydrohalogenated either by action of bases (normally 
triethylamine), or silver salts or by thermal dissociation. 
R • OH 
N 
(14) 
//A 9 +, B 	 R3N 
A 	 R\ 	 + 







Dehydration of the primary nitroalkanes (18), Scheme 3, can commonly 




R—CH2NO2 	 RCH=N\ 
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R—CN—O 	' 	 ,flI 
OCOKIPh 
(20) 	 (22) 
Scheme 3 
The first reported nitrile ylide was generated by Huisgen 8, Scheme 4, by 
the reaction of N-(p-nitro-benzyl)benzimidoyl chloride (23) with triethylamine. 
This is directly analogous to the preparation of nitrile oxides from hydroximic acid 
halides with triethylamine. 
Ph NEt3 	 + 





Huisgen's method of forming nitrile ylides, viz dehydrochlorination of 
imidoyl chlorides, has become one of the most important routes to nitrile ylides 
and was used throughout this research. The imidoyl chlorides which are the 











chlorination of amides, Scheme 5. The chlorination is generally carried out by 
the reaction of the amides with either thionyl chloride, or phosphorous 
pentachioride, or phosgene 9 . 
R1 	
0\ II 	SOCl2 or PCI 	A' 	 Cl 5 , 




 R2' 	 Ar 
(25) 	 (26) 
Scheme 5 
This procedure has been used extensively by Sharp and co-workers1 0,11, 
Scheme 6, and it was the method employed throughout this research for the 







The photolytic decompostion of 2H-azirines, Scheme 7, has been one of 












1.4 	Reactions of Nitrile Ylides and Nitrile Oxides 
1.4.1 Cycloadditions 
Nitrile ylides and nitrile oxides undergo typical reactions of 1,3-dipoles. 
Examination of the literature on these dipoles show that the majority of the 
research has been directed towards [2 + 3] cycloadditions717. 
14 
Table 2 
The regioselectivity of nitrile ylide cycloadditions to alkenes12' 14, 18, 19. 
Ph—CN—CR2 + 	 + 
+ 













Ratio of oroduct(s 
	
(36) 	(37) 
100 	: 	0 
40 	: 	60 
73 	: 	27 
It has been shown, from various experiments, Tables 2 and 3, that the 
regiochemistry of [2 + 3] cycloadditions (2: d=e, 3: a+=b-c -), is depend. nt on 




The regioselectivity of nitrile oxide cycloadditions to alkenes 20 
Ph 
	Ph 	X 
Ph—C-0 + Ph-X 	
_< 
— 	 ---  
(38) 	 (39) 	 (40) 	 (41) 
X 	 (40) 	(41) 
H 	 99•5 : 05 
OCH3 	 0 : 100 
CO2CH3 	70 	30 
Electron withdrawing substituents give a reverse ratio of the products from 
a cycloaddition to that obtained for electron donating groups. The reactivity of a 
1 ,3-dipole and dipolarophile is also affected by the attached substituents Tables 
4 and 5. 
16 
Table 4 
Relative rates of nhtrile ylide cycloaddition to 
a-halogenated methyl acetates 21 
PhCH3 
0 	 OR 
	
Ph-C --ë. 	+ CH3 —OR so 
CH >< 3CH3 
(42) 	 (43) 	 (44) 





Relative rate of benzonitrile oxide cycloaddition 
to monosubstituted alkenes 22 
Ph-Cm —b + RCHCH2 
Ph N 
(38) 	 (45) 	 (46) 
R 	I 	krei 




The rate of reaction of nitnle ylides with dipolarophiles is enhanced by 
electron withdrawing groups on the dipolarophile, however, electron donating 
substituents retard the reaction. The behaviour of nitrile oxides is somewhat 
different, it parallels that of nitrile ylides in that electron withdrawing groups 
accelerate the reaction, but it differs in that electron donating groups also make 
the alkene more reactive. This difference in behaviour was a puzzling feature of 
these reactions for many years. 
To understand the regioselectivity and reactivity of 1,3-dipoles a more 
detailed understanding is required over the mechanism of these cycloadditions. 
There has been much debate over the mechanism of 1,3-dipolar cycloadditions, 
primarily between Huisgen 23 .24 and Firestone25-27. Huisgen proposed a 
concerted reaction, Scheme 8, and Firestone preferred a two step mechanism in 
which the formation of a discrete spin-paired diradical was the rate determining 
step. 
b 









N•1 /Ia 	c i 
I' I 




However, since the publication of the Woodward-Hoffmann rules 2829 
along with the molecular orbital calculations of Houk and co-workers 23, the 
18 
Huisgen mechanism seems the more likely, i.e. a concerted 1,3-dipole 
mechanism rather than a stepwise diradical mechanism. 
a 	c 	[2+3] 
 
d=e 
a"c 	 aNc 
I I 





Since the acceptance of the concerted mechanism much effort has been 
directed towards an enhanced understanding of the mechanism of 
cycloadditions. Ideally, it should be possible to make predictions about the 
regioselectivity, Scheme 9, and reactivity, of a cycloaddition before the 
experiment is undertaken. This ideal has largely been realised by the application 
of the f.m.o. theory. When two molecules come into intimate contact as they 
react three major forces operate, (1) the occupied orbitals from each molecule 
repels the occupied orbitals of the other, (2) the positive charge from the nucleus 
attracts any negative charge from the other molecule, and repels any positive, 
and (3), the occupied orbitals (especially HOMO's) of each interact with the 
unoccupied orbitals (especially LUMO's) which leads to further attraction 
between the two molecules. 
To explain the interaction of the HOMO's and LUMO's from each 
molecule let us consider an imaginary reaction of an allyl anion with an ally[ 





"2 	1 \UMO, / ) 
E 1 , 
p 
'\ ' I , - 
I 	, 
/ Ir-j 
I 	 '4 
E,
H0M9I - 
'1 1 - - 	 ' '1 
Anion 	Transition State 	Cation 
Figure 3 
The closer the interacting orbitals are in energy the greater the energy 
drop in the transition state orbitals, i.e. above E1>>.E2, therefore the major 
interaction in this reaction is that between HOMO (Anion)-LUMO (Cation). The 
other orbitals contained in the two molecules will also interact, however, they are 
further apart in energy, and must, therefore, contribute less to the lowering of the 
energy in the transition state. 









& 	1; 6 
i1v 9 
Oj 
(52) 	 (53) 
Scheme 10 
In concerted cycloadditions the favoured orientation would be that in 
which the centres whose frontier orbitals have the largest coefficients interact. 
The two alternative transition states are (52) and (53) above, and of these (52) is 
the more stable (lower energy) because of the larger interaction of the lobes 
(coefficients). Houk, has carried out extensive molecular orbital calculations 
which gave theoretical values (c-values), to the size of the lobes, Scheme 10, for 
a series of dipoles and dipolarophiles. This data, therefore, allows the prediction 
of the product(s) for any given experiment using various dipoles (47) and 
dipolarophiles (48), provided that the dominant f.m.o. interaction can be 
identified. The major difficulty was that the f.m.o.'s of both the dipoles and the 
dipolarophiles vary over a wide energy range. The identification of the dominant 
f.m.o. interaction was simplified by the classification of the dipoles into three 
groups, depending on the energy of their f.m.o.'s, by Sustmann 31 , Figure 4. The 
main 1,3-dipoles in Type I were nitrile ylides and diazoalkanes, in Type II were 




















Type I 	 Type Ii 	 Type Ill. 
(a) (b) (C) 
Figure 4 
HOMO/LUMO interactions in the transition state for 3 types of dipole 
Type 1. This is a system where the energy of the f.m.o.'s of the dipole are 
high. The above Figure illustrates that the major stablising effect in the transition 
state in this case is between HOMO (dipole)-LUMO (dipolarophile). The 
introduction of substituents onto either the dipole or dipolarophile will have an 















HOMO/ LUMO Interactions in the transition state for 
substituents attached to Type I dipole and dipolarophile 
22 
As illustrated in Figure 5, an electron donating substituent attached to the 
dipole raises the energies of both the HOMO and the LUMO. Thus the major 
interaction (drawn in all cases as an arrow), becomes more stablising to the 
transition state. Therefore, electron donating substituents attached to the dipole 
accelerate the reaction. Electron withdrawing substituents attached to the dipole 
have the opposite effect and lower both the HOMO and the LUMO of the dipole, 
this leads to a reduction in the major stablising interaction, and, therefore, the 
reaction is retarded. 
Conjugated substituents raise the HOMO and lower the LUMO this gives 
an increase in the dominant f.m.o. interaction and an increased reaction rate. 
Although the minor f.m.o. stablising interaction (HOMO (dipolarophile)-
LUMO (dipole)) has not been discussed, the same treatment can be applied to 
the relationship of this effect on the transition state, as was used in the argument 
above. However, the minor stablising interaction influences the transition state 
to a much lesser extent and is, therefore, commonly ignored. 
The effect of substituents on the dipolarophile parallels the effect on the 
dipole. For example, Figure 5(c), demonstrates the effect of an electron 
withdrawing group on the frontier orbitals of the dipolarophile, it results in an 
accelerated reaction rate. 
The reactivity of Type II, 1,3-dipoles, Figure 4(b), is different from that of 
Type I, 1,3-dipoles, Figure 4(a). The addition of either electron donating, 
electron withdrawing or conjugating groups to the dipole increases the reaction 
rate. This is due to the formation of a major f.m.o. stablising interaction 
previously missing from the unsubstituted dipole. 
The reactivity of Type Ill systems is opposite to Type I dipoles. This is 
readily rationalised by the molecular orbital diagrams Figure 4(a) and 4(c). 
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The method elaborated by Sustmann now makes it possible for qualitative 
predictions of the reaction rates of cycloadditions, by a simple examination of the 
dipole and dipolarophile. 
E 1 E - E qi 	 = HOMO(DIPOLE) - LUMO(DIPOLAROPHILE) ''2 DIPOLE 	2 DIPOLAROPHILE 
- Ep1 
DIPOLAROPHILE 	DIPOLE = HOMO(DIPOLAROPHILE) - LUMO(DIPOLE) 
Figure 6 
Energy diagram for strongly dominant 
HOMO(DIPOLE)/LUMO(DIPOLAROPHILE) interaction 
24 
+ :7 	 H3CO2C 	 CN R2CS—CH2 + 
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R2= - Oz 	or E)14 
Scheme 11 
25 
Some examples do exist of non-concerted cycloadditions. Huisgen 32, has 
shown, in accordance with Sustmann's P.M.O. model of concerted 
cycloadditions, that in extreme circumstances, Figure 6, for systems where 
HOMO (Dipole)-LUMO (Dipolarophile) interaction is strongly dominant, and the 









Thus aliphatic thiocarbonyl ylides and ethene derivatives with strongly 
electron withdrawing substituents gave (E) and (Z) cycloadducts, (59) and (61) 
respectively, Scheme 11. This was the first experimental support for Sustmann's 
early suggestion that non-concerted cycloadditions were possible 3334 . 
Intramolecular cycloadditions are also possible 29. There have been 
several reviews of intramolecular cycloadditions 7 ' 35' 36, and the use of this 
reaction in natural product synthesis 37 ' 38 . For example, the [2 + 3] cycloaddition 











It is also known that nitrile ylides undergo 1 ,1-cycloaddition with double 
bonds, for example Padwa39, observed the formation of 3-methyl-i -phenyl-2-
azabicyclo[3.i.O]-hex-2-ene (68) from the 2H-azirine (65), Scheme 13. 
27 
P/ '  
(65) 
I Ph—C—  












Houk's calculations 4 .5 have shown that for the bent nitrile ylide geometry 
(9), the HOMO and SLUMO resemble that of singlet carbene, Scheme 14. 
SLUMO 
b— LUMO 





Nitrile Ylide Carbene 
 
Scheme 14 
Singlet carbenes react readily with double bonds and it is thought that this 
1,1 -cycloaddition is closely analogous to a carbene reaction. 
1.4.2 Electrocyclisations 
The reaction of a 1,3-dipole with a dipolarophile, when they are in 
conjugation within the same molecule, is called an electrocyclisation. An 
electrocyclic reaction is defined, as one in which an unsaturated system 
undergoes a ring closure in a process that can be regarded as a cyclic electron 
shift, it s net result being the conversion of a ic-bond to a bond. It is in principle 
a reversible process, Scheme 15. 
29 
N 	 hv 	 + 	
CH 
CH3 	 Ph—CN—C 
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hv 	 + 	- 












>7<% hvori R 1 	R4  
(78) 
2 	 3 
-, 
c-O-C 









(70) 	 (71) 
Scheme 15 
Electrocyclisations involving 1,3-dipoles fall into three classes; 1 ,3-retro-
electrocyclisation (4ic) as a route to 1,3-dipoles, 1 ,5-electrocyclisations of alkene 
conjugated dipoles (6ic), and of particular interest to this thesis 1,7-
electrocyclisations of diene conjugated dipoles (8it). 
1 ,3-Retro'-electrocyclisations are particularily useful in the generation of 
1,3-dipoles such as nitrile ylides from 2H-azirines 7, Scheme 16(a), azomethine 
ylides from aziridines40 , Scheme 16(b), azomethine imines by the thermolysis of 
diaziridines41 , Scheme 16(c), and carbonyl ylides by the thermolysis or 
photolysis of oxiranes4243 , Scheme 16(d). 
Both types of 1,3-dipoles, allenyl-propargyl and allyl, when conjugated by 
double bonds of various types are capable of 1 ,5-electrocyclisation (6ic). These 
give five-membered rings, for example the azirine (80) converts through to the 











The most important type of electrocyclisation to this work is the 1,7-  
electrocyclisation  (8i) of nitrile ylides. This electrocyclisation requires a, f: y, ö - 






The above 1,3-dipole may also undergo 1 ,5-electrocyclisation, and this 
can, therefore, lead to competition with 1 ,7-electrocyclisation yielding both 5 and 
32 
7-membered heterocycles45, Scheme 19. Work in this group and elsewhere has 
shown that the 1,7-ring closure is generally preferred to 1,5- for nitrile ylides 











(87) 	 S 	 (89) 
80% 
 













The above Scheme also illustrates that 1 ,7-electrocyclisation of the 1 ,3-
dipole is often followed by a rearrangement to a more stable product via a 
sigmatrápic hydrogen shift. 
Of particular interest to this work is the preparation of fused azepines from 
nitrile ylides. For example, the imidoyl chloride (91) was converted to the nitrile 
ylide (92) via base treatment, then 1 ,7-electrocyclisation was followed by a [1,5] 
sigmatropic hydrogen shift to give the dibenzazepinell (94). Several other 





A recent review47  of 1 ,7-electrocyclic reactions of a, 'f3: y 8-unsaturated 
1,3-dipoles as a route to seven-membered heterocycles illustrates the versatility 
of the ,  1 ,7-electrocyclisation reaction with the following 1,3-dipoles: diazoalkanes, 
34 
nitrile imines, nitrile ylides, carbonyl ylides, azomethine ylides and azomethine 
oxides (nitrones). 
The mechanism of the 1 ,7-electrocyclisation reaction of diene conjugated 
diazo compounds was suggested by Robertson and Sharp48 to proceed via a 
helical transition state (95). This transition state involves the minimum distortion 
of the diazo group from its preferred linear geometry. Ab initio calculations by 
Houk49  have supported this hypothesis. It is likely that the nitrile ylide 1,7-








As previously mentioned 1 ,5-electrocyclisations can compete against 1,7-
electrocyclisations. More recently 1 O, it has also been shown that a third pathway 
is possible for 1,3-dipoles: 1,1-intramolecular cycloadditions have been observed 









R 1 	H 	A3 	X 
H 	AIR2 	H 	H 
(102) 	 (103) 
R 1 
R3 





Ph 	ZnCI+ I__/—CH 	Ph—-- --CH3 
(105) 	 (106) 	 (107) 
+ CH2CHCH2CI 	 R><H 
H 	HgCI 	 H 	CH2CHCH2 
(108) 	 (109) 	 (110) 
CH3 	 CH3 
Phi + 1-13C MBr 	
H3C*Ph 
CH3 	 CH3 
(111) 	 (112) 	 (113) 
C010CH2 	 OCH2 	H 	(e) ><H 
+ Br—CH CJ-12 
H 	ZrCp2CI 	 H> ==< 
H 	H 






In all cases there was complete retention of the stereochemistry which 
was consistent with a concerted reaction. 
	
2. 	Palladium Mediated Coupling Reactions 
2.1 	General 
Until recently, there were few organic reactions which could generate 
carbon-carbon bonds between unsaturated systems. However, this area of 
synthesis was revolutionised by the discovery that transition metals, Scheme 22, 
such as palladium and nickel are very effective in catalysing cross-coupling 
reactions of unsaturated organic halides (R-X) and a range of unsaturated 
organo metallic derivatives (R'-M). 
R—X + R'—M 
	





 Scheme 22 
A range of organometallic reagents (R'-M), has been used 5O-56, Scheme 
23, and in addition to these are boronic acids (see section 2.2), boranes (see 
section 2.2) and organotin reagents (see section 2.3) which are of direct interest 
to this thesis. 
These reagents (R'-M), should require relatively easily obtained starting 
materials which are stable, and not air or moisture sensitive; tolerate a wide 
range of functional groups so that protection-deprotection reactions are not 
necessary; only require a small amount of catalyst, and give high yields of the 
37 
product without any appreciable amounts of homocoupling or similar side 
reactions. 
2.2 Using Organoboron Compounds 
The two most important boron compounds used in cross-coupling 
reactions are boronic acids and boranes, each of these will be discussed below 
individually. 
Boronic acids are readily prepared from organolithium or Grignard 
compounds with the appropriate alkyl borate 55 .56, Scheme 24. The most 
commonly used alkyl borates are trimethyl and triisopropyl borate. 
-780C 	 OR 
Ar—V + B(OR)3 10 Ar—EOR 	Li 
OR 
(117) 	(118) 	 (119) 
	
V = Li or MgX 	
-30C 
IF 





The boronic acids, dependent on the ease of preparation of the 
organolithium or Gngnard compounds, are normally formed in high yields from 
their halides. This functional group is stable enough to allow several reactions57- 
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59 for example 4-methylphenylboronic acid (122) is brominated on the methyl 
group in 90% yield, Scheme 25. 
B(OH)2 	 B(OH)2 
Br2/CCI4 





However, the most important reaction is palladium cross-coupling 
reactions with unsaturated organic halides. The original research into the cross-
coupling reaction of boronic acids was carried out by Suzuki 61 , who optimised 
the conditions required for the coupling of phenylboronic acid (124) to various 
substituted aryl halides. 
B(OH)2 	 X 
a +Pd0  
X= Br, I 
(124) 	 (125) 	 (126) 
Scheme 26 
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(133) 	 (134) 	 (135) 
(99% isomeric purity) 
•\, ,B(OP62 	
OH 79% 	 OH 
+ Br'Z 






The maximum yields were obtained using a 10% excess of the boronic 
acid, equimolar amounts of sodium carbonate solution, and 3 mol% of the 
tetrakis(triphenylphosphine)palladium (0) catalyst over the bromo- or iodo- 
compound. 	Later Gronowitz62 refined 	the method 	by 	introducing 
dimethoxyethane as the 	solvent 	in preference to 	Suzuki's benzene. 	A 
mechanism for the cross-coupling reaction of boron containing compounds was 
suggested by Suzuki63 , as the catalytic cycle shown in Figure 7. 
A 1 X 7 -- PdL4F 







A 1 —PdXL2 
Figure 7 
Catalytic cycle for tetrakis(triphenylphosphine) palladium(0) 
The coupling reaction of boranes was known before that of boronic acids, 
and it has, therefore, enjoyed a more extensive research program. The first 
reported use of boranes in the synthesis of carbon-carbon bonds was in 1970 by 
Zweifel64, for (Z,Z) unsymmetrical dienes, this was followed by Negishi 65 in 1973 
for (E,E) and (E,Z) dienes. Since then the extensive work by Suzuki 66-68 and 
others have shown the general applicability of boranes in this area, Scheme 27. 
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2.3 Using Organotin Compounds 
"_J~ I + n Bu3Sn Ph 
	







Tin compounds are one of the most extensively used organometallic 
reagents in the formation of carbon-carbon bonds, these compounds will not be 
discussed furthur since StilIe 69 , has recently produced an excellent review of the 
synthesis and reactions of organotin compounds. 
3.. 	Applications of Benzazepines and Benzdiazepines as 
Pharmacologically Active Molecules. 
Since the early 1960's with the introduction of the drugs Librium (1960, 












The early diazepines such as 	(142) and (143) gave analgesic 
compounds. More recent research based on these and other diazepines 
derivatising the basic structure have shown that groups attached to C-3 gave 
antagonists and agonists of cholecystokinin-A and -B, also gastrin, and central 





These non-peptide molecules, such as (144), have advantages over 
peptidal analogues, since they are more stable to the metabolism and show 
decreased oral bioavailability 75 . 
Gschwend76  suggested in 1982, that the pharmacological profile of 
benzazepine system would be similar to benzodiazepine compounds. This 







(145) 	 (146) 
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This hypothesis was borne out by his subsequent patents 77-80 . Hence, 
both diazepines and azepines with the relevant derivatised structures can be 
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2. DISCUSSION 
2.1 	Program of Research 
This thesis is concerned with the 1 ,7-electrocyclisation reactions of diene 
conjugated nitrile ylides. Previous work 1 O, had shown that intermediates of the 
type (147) cyclise to give azepines. 
R H 
 ( 	:,L:,
R 	 Ph 
—CPh 	
•pI 	 f C
(147) 	 (148) 




The cyclisation also occurs readily when the diene moiety consists of two 
















The first objective of this research was to find out if the latter reaction, 
Scheme 30, could be extended to systems in which the benzene rings were 





The intention was to replace each of the A and the B rings with both 
electron rich, e.g. thiophene, and electron poor rings, e.g. pyridine, to find out if 
the cyclisation reaction was an effective route to a range of heterocyclic fused 
azepine systems. It was hoped that such novel systems might be of interest as 
CCK antagonists. 
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The second objective was to further extend the range of the synthesis by 
utilising 1,3-dipolar cycloaddition as well as electrocyclisation as shown in 
Scheme 32. 
, b c 
NR 	 a aC 	
4 












2.2 	Synthesis of Fused Azepines via Nitrile Ylide Cyclisation 
2.2.1 Synthesis of the Amide Precursors to the Nitrile Ylides. 
The objectives of this area of research were to prepare amides of the 







B 	I 116 
All 	 No 	IA 
CH2NHCOPh 	 ' CH—CPh 
(160) 	 (152) 
Scheme 33 
Thiophene was regarded as the most desirable ring to start with, since 
the chemistry of thiophene is known to be similar to that of benzene. The initial 
objectives were therefore, to synth esiamides (162) and (163) as precursors to 
the required nitrile ylides. 
B(OH)2 
Br Pd°' (1 
" S B(OH)2 	 S  
CH2NHCOPh 	 CH2NHCOPh 	 CH2NHCOPh 
(162) 	 (161) 	 (163) 
Scheme 34 
It was hoped that these amides could be prepared from the readily 
available bromoamide (161), Scheme 34, via a PdO catalysed coupling reaction. 
Gronowitz62, had previously coupled various thiopheneboronic acids with a 














The bromoamide (161), was prepared from commercial 2-
bromobenzylamine hydrochloride by benzoylation, and thiophene-2- and -3-
boronic acids were prepared by literature routes 8182 . 
Initially some difficulty was encountered with this coupling reaction. 
Firstly, 	it 	was found 	that the 	reactant 	and the product 	had identical 
chromatographic behaviour on both silica and alumina. Since chromatographic 
separation of any residual starting material and product would be impossible it 
was essential that the coupling reaction should be driven to completion. 
Therefore, an h.p.l.c. method of monitoring the progress of the coupling reaction 
was developed, and the reactions were continued until all the aryl halide was 
consumed. 
The second problem encountered was that the coupling reaction 
produced a very dark coloured by-product which ran with the product during 
chromatography. It was thought that this impurity was a complex of palladium, 
therefore, several methods of purification were tried under this assumption. A 
solution of the reaction product was washed with sequestrating agents, e.g. 
EDTA, and also warmed with charcoal. However, these methods were 
ineffective and it was found that the optimum purifying conditions were to 
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preabsorb onto 6% deactivated alumina, then subject this to dry flash 
chromatography using a silica column. These conditions gave the product 
amides (162) and (163) in yields of 80% and 78% respectivity. The 1 H n.m.r. 
spectrum of N-benzoyl-(3-thienyl)benzylamine was as expected; a doublet for 
the methylene protons (6 4.65), due to coupling to the N-H proton; a broad peak 
representing the N-H proton coupled to the methylene protons (8 6.28); and the 
aromatic protons (67.11-7.71). However, the 1 H n.m.r. spectrum of N-benzoyl-
(2-thienyl)benzylamine was unexpected. It showed a doubling of both the 
methylene doublet and the N-H singlet. It was thought that this effect was 
related to an interaction between the sulphur of thiophene and the amide 
nitrogen as shown in Scheme 36. 
T 
\ 




H H  
(168) 
Scheme 36 
The dipole moment of thiophene has the negative end on the sulphur 
atom, Figure 8, and it is suggested that this interacts with the polarised amide 
bond as shown in Scheme 36. This interaction apparently slows the normal 




Dipole Moment of Thiophene 
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This interaction would thus give rise to two different environments for the 
methylene group. This rationalisation was tested in two ways. If the effect was 
due to an electrostatic interaction, as suggested, it seemed likely that it would be 
affected by the dielectric constant of the solvent. The effects of the addition 01 
various polar deuteriated solvents to a deuteriochloroform solution of N-benzoyl-
(2-thienyl)benzylamine are shown in Table 6. 
Table 6 
The Effect of Addition of Polar Solvents. 
Amount of polar Polar Solvent Temperature lntergral of 
Solvent Added (°C) Doublets 
(No. of drops) (84.68/84.71) 
1 (CD3)2C0 25 1: 2.81 
2 (CD3)2C0 25 1: 2.57 
1 (CD3)2NCDO 25 1: 2.09 
3 (CD3)2NCDO 25 1: 1.45 
- - 25 1:3.76 
- 59 only one 
doublet seen 
The changes in the ratio of the doublets support the rationalisation; 
furthermore, warming the deuteriochloroform solution to 59 0C gave only one 
doublet. 
The next objective was to replace the A benzene ring, Scheme 31, with 










N-Benzoyl-2-aminomethyl-3-phenylthiophene was synthesised as shown 
in Scheme 37 from .3-bromothiophene. 
Br 	 Ph 	 Ph 
Pd° 	/ DMF/ POd 3 (j: PhB(OH)2/ () 
	
(  
(171) 	 (172) 
Ph 
NH20H 












In this sequence 3-phenylthiophene (172), was obtained from 3-
bromothiophene (171) by a palladium mediated reaction. Gronowitz's method 81 
involving Vilsmeir-Haack formylation gave 2-formyl-3-phenylthiophene which 
was subsequently converted to the target amide (169). 
N-Benzoyl-3-aminomethyl-2-phenylthiophene (170) was synthesised 
from 3-methylthiophene (176), Scheme 38. The dibromothiophene (178) was 
prepared by the literature route 8384, and then used in a Gabriel synthesis of 2-
bromo-3-phthali midomethylthiophene (179). 
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S 	Br 	 S 	Br 
(179) (180) 
NHCOPh 	 NHCOPh 
PhCOCI 	 Pd°/ PhB(OH) 
S 	Br 	 S 	Ph 
(181) 	 (170) 
Scheme 38 
The conversion of the phthalimide group to the amine (180) was low 




PhBOH) C.._NP:NH - f " — — 







This route was higher yielding and was used in preference to that shown 
previously, Scheme 38. 
This marked the completion of the synthesis of the amides involving . 
thiophene, an "electron rich," ring system. One example, (186), of a furan 
containing analogue was also prepared as shown in Scheme 40. The furan-3-




Br (1) n-BuLi 
 + 
CH2NHCOPh 	0 	(2) [(CH3)2CH0]3B 





The next series of amides that were to be prepared were (187-189). This 
series it was hoped would test the effectiveness of 1 ,7-electrocyclisations onto 
the "electron deficient," pyridine rings. 
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(188) (189) 
'2 1 '"  
(187) 
It was thought originally that these amides could be prepared by the 
methods employed previously in this work, i.e. the preparation of the heterocyclic 

























Pyridineboronic acids have been prepared 8687, however, the method 
employed to purify these compounds was protracted and only low yielding. 
Therefore, alternatives were sought. 
It was found from the literature that two other organometallic derivatives 
of pyridine had been used for the palladium catalysed coupling reactions 88-91 . 
Bailey88, has used a variety of stannylpyridines to produce biaryl 
systems, for example, Scheme 42, 2-trimethyistannylpryidine (193) was coupled 
to the benzene derivative (194) which gave a 95% yield of the biaryl (195). 
ak-J N 	Sn(CH3) 3 
(193) 
Boranes at all the pyridine positions have been used by Terashima 89-91 












The first target molecule in this series was (188) and it was decided to 
prepare it via the above method of Bailey. Yamamoto and Yanagi 92 have 
prepared 3-trimethylstannylpyridine (204) from 3-bromopyridine by reaction with 










(202) 	 (199) 
JN . 
Scheme 44 
The above method was used, however, it gave a product which was 
contaminated with around 18% of 3-bromopyridine which could not be removed 
by distillation, therefore, in view of the difficult procedures involved in preparing 
(204), this route was abandoned in favour of the use of di ethyl (3-pyridyl)borane. 
The latter was prepared and coupled to the bromoamide (161) under the 
conditions used by Terashima, Scheme 45. 
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Pd°I KOH/ THF/ 
(C4Hg)4 
I 
	 r L_(GHNHCOPh 
..t 
(196) 	 (161) 	 (188) 
Scheme 45 
This reaction, after 8 hours reflux in THF, gave an incomplete conversion 
to the product (188), and a low yield. The borane was then coupled using the 
conditions used previously for the cross-coupling reactions of boronic acids (190) 
with the bromoamide (161). The different coupling conditions gave complete 
conversion of the starting material to the product (188) in high yield after 1 hour 
reflux in DME. Therefore, this procedure was used in preference to Terashima's 
method. 
aB(C2H5)2 Pd°/ N82CO3 LNJ + —NHCOPh 
(196) 	 (161) 	 (188) 
Scheme 46 
The strategy used thus far was to couple the bromoamide (161) to 
various "organometallic" derivatives of various heterocycles. These reactions 














described above, illustrates one of the disadvantages: the difficulty of preparing 
a suitable "organometallic," derivative from some heterocyclic systems. 
Table 7 
The yields of products from the coupling 
reactions of N-benzoyl-2-bromobenzylamine 
Br 	 Het 
I 	
(CH2NHCOPh+ Het-R 
	 I 	i 
















It was hoped that this difficulty could be avoided by the development of a 
route to the boronic acid (207). The latter could then be coupled to the 
appropriate heteroaromatic halide. 
	
Br 	 2X'Base 	 2- 
+ aCH2NHCOPh 	 aCH2NCOPh j + 2U 







The objective was to convert the bromoamide (161) to the dianion (206) 
and then react this to the desired product. It was expected that the second 
reaction would occur via the unstablised aryl anionic centre, rather than at the 
delocalised amide anion. The formation of the dianion would require two moles 
of base, one for the deprotonation of the amide and a second for the desired 
metal-bromine exchange. This reaction was, therefore, tried with the required 
amount of n-butyllithium and tri isop ropyl bo rate (TIPB) in THE, but gave no 
product. The reaction was repeated with an increased amount of both the base 
and TIPB, and also with ether replacing THF as the solvent, however, no product 
was isolated. It was, therefore, decided to attempt to find out if the bromoamide 
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(161) was being converted to the required dianion via deuterium quenching 
experiments. 
A two-fold excess of n-butyllithium was added to a solution of N-benzoyl-
2-bromobenzylamine in THF at 1000C, Scheme 48. After 1 hour, deuterium 
oxide was added, this showed that the proton abstraction step had occurred but 
that there had been no lithium-bromine exchange. 
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Sharp94, had shown previously that metal-halogen exchange for 
tosylhydrazone (209) was best effected by the sequential proton abstraction, 





CH3Li/ -780C ___. 	Br 
NNHTs 	 7=NiTs 









This procedure was, therefore, carried out with (161), and this gave two 




(161) 	 (212) 	 (213) 
(1) MeLi/ -780C, (2) n-BuU/ -780C, (3) D20/ -780C 
Scheme 50 
C, 
The formation of both (212) and. (213) demonstrates that metal-halogen 
exchange had occurred. Formation of the amide (212) also indicates that the 
dianion formed after lithium-bromine exchange must be highly reactive, since it 
reacted with the n-bromobutane, produced in the metal-halogen exchange, at - 
780C. To avoid this problem two equivalents of tert-butyl lithium were used as a 
replacement for n-butyllithium, since in this case the tert-butylbromide formed in 
the metal-halogen exchange is consumed by the reaction with the excess tert-
butyllithium, Scheme 51. 
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H3C ,CH3 	 H3C OCH9 H Li ,CH 
A—Br +2 	C 	 - A—Li . 	C 	 C 















Thus the next reaction utilised methyllithium to selectively deprotonate 
and then teil-butyllithium, followed by TIPB. This gave a product formulated as 
the expected boronic acid (207) in a best yield of 84%. 
MeLi/ -78 0C 
c Br 
NHCOPh 







The structural assignment was based on a correct elemental analysis, 
also i.r. and n.m.r. spectra which were consistent with the proposed structure. 
Infra-red spectroscopy showed that the amide was intact (N-H, 3260cm -1 ; C=0, 
1610cm -1 ), and gave an absorption for the 0-H bonds at 3350cm -1 . The 116 
64 
Figure 9 
IH n.m.r. of 2-N-benzoylaminomethylphenylboronic acid. 
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n.m.r. gave a peak at 6 31.44 which corresponds for other known boronic 
acids95. The 1 H n.m.r. spectrum, Figure 9, is consistent with the structure, and 
the assignment is supported by n.O.e. data, Table 8. 
Table 8 
N.O.e. experiment on 
2-N-benzoylaminomethylphenylboronic acid. 
Irradiation 	Effect at Position 
Point 3-H 6-H CH2 B(OH)2 NH H20 
B(OH)2 	- 5% 3% , 	 * 	• 5B(OH)2 
CH 	4% 	,00 4% 	10% - 	 NHCOPh 
* 
saturation transfer effect from saturation of signal corresponding to acidic 
protons. 
Having successfully prepared the boronic acid (207), it was important to 
find out if it could be coupled to a variety of aryl and heteroaryl halides to provide 
a general synthesis of the amides of the type shown below, Scheme 53. 
(OH)2 	 Het 
	
+ Het-X 	 so 
NHCOPh  
NHCOPh 
(207) 	 (220) 	 (192) 
X = Br, I 
Het = conjugated system, important to this work pyridyl, and furyl 
Scheme 53 
Table 9 
The yields of products obtained from the coupling reactions 
of 2-N-benzoylaminomethylphenylboronic acid (207). 
Aryl Bromide 	 Product 
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The first two experiments tried on (207) were to form known compounds 
to enable the comparison with previous methods, Table 9 entries 1 and 2. 
Thus N-benzoyl-2-phenylbenzylamine (221), as shown above was 
prepared from bromobenzene and 2-N-benzoylami nomethylphenylboronic acid 
(207) in 91% yield. This compound (221) was also prepared from phenylboronic 
acid and N-benzoyl-2-bromobenzylamine (161) in 86% yield. Both reactions 
were high yielding giving white crystalline solids with melting points of 98.5-
99.5°C and 99-1000C respectively. The mixed melting point was 98-99 0C, and 
the 1 H n.m.r. spectra of the two products were identical. 
The compound (186) had been previously prepared from furan-3-boronic 
acid and N-benzoyl-2-bromobenzylamine, and again melting points and 1 H 
n.m.r. of the products from both reactions were identical. This route is the 
preferred one since furan-3-boronic acid can only be prepared from 3-
bromofuran in low yields. 
The boronic acid (207) was then successfully coupled with 
bromopyridines and bromopyrimidines as shown in Table 9 to give the expected 
amides in high yields. 
These coupling reactions indicate that the boronic acid (207) has proved 
to be a highly versatile and effective reagent for the synthesis of amides shown 
in Scheme 53. The use of this boronic acid eliminates the requirements of 
derivatising heteroaromatic compounds, therefore, minimising the number of 
steps involved in the synthesis and maximising the overall yield. 
2.2.2 Synthesis of the Heterofused Benzazepines via Nitrile Ylide Cyclisation 
2.2.2.1 Introduction 
In this research the nitnle ylides were generated by the 1,3-
dehydrochiorination of imidoyl chlorides. The latter were prepared from their 
respective amides using one of the chlorinating reagents shown in Scheme 54. 
(1) 	 (2) 	- 	+ R—CH2NHCOPh 	go R—CH2N=CCIPh 	bo R—CH—N=CPh 
(228) 	 (229) 	 (230) 
SOCl2 or PCI5 or Me2I=CHC1 or COCl2 
KOBu 1 
Scheme 54 
When selecting the chlorinating agent, thionyl chloride is usually the first 
choice, since it is the easiest to use because (1) it is volatile and the excess is 
readily removed, and (2) the reaction by-products are gaseous. However, it is 
not as powerful as some of the others and usually requires heating to bring 
about the reaction. Phosphoro us pentachloride is more reactive and is effective 
in cases where thionyl chloride fails, however, the excess reagent cannot easily 
be removed and the by-product is very involatile. 
N,N-Dimethylformidinium chloride 969711 , is usually generated in situ by 
the reaction of thionyl chloride with DMF. This is a highly reactive reagent and 
earlier work in the group has shown that it can bring about conversions at room 
temperature or below in cases where the previous reagents have been 
ineffective at elevated temperatures. 
Huisgen 1 , demonstrated that for activated imidoyl chlorides, nitrile ylides 
can be obtained by the reaction with bases such as triethylamine. However, the 
imidoyl chlorides used here are not activated and stronger bases are required. 
Previous research in this group has shown that the most effective base for a 
RE 
Figure 10 







range of imidoyl chlorides was potassium tert-butoxide, and this was the first 
choice for this research. 
2.2.2.2 Synthesis and reactions of a, 0: ,y, &-unsaturated nitrile ylides. 
The first reactions to be investigated in this study of the 1,7-
electrocyclisation reactions of nitrile ylides were those of the thiophene 
containing species. N-Benzoyl-2-(2-thienyl)benzylamine was converted to its 
imidoyl chloride (231), by heating under reflux in dry ether containing thionyl 
chloride Scheme 55. After, an overnight reaction, the solvent and excess thionyl 











The conversion into imidoyl chloride (231) was checked by the change in 
chemical shift and the coupling of the methylene protons. Compound (163) has 
a doublet (CH2 coupling to NH), and (231) has a singlet, which for imidoyl 
chlorides occurs slightly downfield, Figure 10, of the previous doublet. This 
method of confirming the formation of the imidoyl chloride was used with all of 
the conversions in this research. 
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The imidoyl chloride (231) was then dissolved in dry THF at 0 0C, and a 
two-fold excess of solid potassium tert-butoxide was added. This reaction gave 











The 1 H n.m.r. data and mass spectra data are given in Appendix 1 for all 
the azepines. It was expected that the 1 H n.m.r. of the heterofused 
benzazepines would be similar to those of 5 -aryl - 7H-dibenz[c,e]azepines46, such 
as compound (94). 
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Figure ii 






The methylene group in the above azepine gives two doublets 
(J=10.2Hz), at 250C in deuteriodimethylsuiphoxide, one at 6 4.87, the equatorial 
proton, and the second at 6 3.77, the axial proton 98, Figure 11. A variable 
temperature study showed that as the temperature of the system was increased 
the two doublets broadened until, at 149 0C they coalesced to give a broad peak 
at 6 4.32. 
The coalescence of the two doublets on heating is due to the ring 
inversion of a seven membered ring. At the lower temperature the ring inversion 
is slow on the n.m.r. time scale and the methylene protons absorb at different 
chemical shifts and couple to each other. As the temperature is raised the rate 
of ring inversion increases and the peaks broaden, coalesce and eventually give 
a singlet at the midpoint of the original pair of doublets. 
Examination of the spectrum of (233) at 25 0C gave a broad peak at 6 
4.52, which on cooling resolved to give two doublets (J=10.75Hz), at 6 5.10 and 
6 3.95, due to the absorption of the methylene protons. The coalescenc.e 
temperature was 280C which was considerably lower than that of (94). The 
molecular formula was confirmed by an accurate mass measurement, and by 
SOCl2/ Et20 











the elemental analysis of the picrate derivative. The derivative was prepared 
since the azepine obtained was a glassy oil which could not be crystallised. 
The second imidoyl chloride (234) was prepared from the amide (162), 
Scheme 57, by reaction with thionyl chloride, at reflux, in ether. As before the 
conversion was monitored by 1 H n.m.r. 
Scheme 57 
The azepine (235) was then obtained in 65% yield by the reaction of 
compound (234), with solid potassium tert-butoxide in the usual way. The 1 H 
n.m.r. of this azepine was similar to that of (233), the first thieno fused azepine. 
The methylene protons of (235) at 25 0C gave rise to a broad peak at 6 4.55, 
which at -18°C resolved to give two doublets (J=1 1.2Hz), at 6 5.13, and 6 3.97. 








previous thieno fused azepine (233), but substantially different from the 
dibenzazepine (94), this will be discussed more fully in section 2.3. The 
molecular formula was confirmed by an accurate mass measurement, and also 
by elemental analysis of the picrate derivative. 
The nitnle ylide (236) had the opportunity to react by one of two routes, 






As shown above the nitrile ylide (236) reacted exclusively to give the 
azepine (235). This result was expected for two reasons, firstly the chemistry of 
thiophene has shown a greater localisation of the double bonds at C2/C3 and 
C4/C5 relative to C3/C4, Figure 12, i.e. canonical form (239) makes a much 
greater contribution to the hybrid than the dipolar forms (240)->(243). The nitrile 
76 
ylide (236), therefore, cyclised via the y,8-double bond with the higher double 
bond character. 
(239) 	 (240) 	 (241) 	 (242) 	 (243) 
Figure 12 
Resonance hybrid of thiophene 
The second reason why this result was expected came from the work of 
Munro84 , with the diazo compound (244), Scheme 59. This failed to cyclise 



















This contrasts with (248) and (249) which gave their respective azepines 
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The next nitrile ylide precursor to be investigated was the amide (169). 
This was reacted with thionyl chloride in ether as in the previous cases with the 
intention of generating the imidoyl chloride (252). 








(169) 	 (252) 
Scheme 61 
However, this reaction produced a black tar which itwas thought was due 
to the heterolytic decomposition of (252), Scheme 62. 
78 
Ph 	 r 	Ph 
Soc 12 	
,Ph 
NHCOPh 	 S CH2N=C 
cci 




c 	1 4 H2j 
(253) 
Scheme 62 
Similar decomposition of phenyl substituted analogues occurs only at 
higher temperatures and is not usually a problem in the synthesis of imidoyl 
chlorides. The lower stability of the imidoyl chloride (252) was most likely due to 
the enhanced stablisation of the carbocation (253) by the increased electron 
release from the thiophene ring. An alternative route was then sought in order to 
produce (252) at a lower temperature. 	The reaction of amides with thionyl 
chloride is slow at room temperature, therefore, a more reactive chlorinating 
agent was required. Such a reagent is NN-dimethylformidinjum chloride which 
is produced from DMF and thionyl chloride. This reagent was used on the amide 
(169) and after 30 minutes at room temperature, the reaction was seen by 1 H 
n.m.r. to have gone to completion. 
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Ph 








(169) 	 (252) 
Scheme 63 
Compound (252) was then cooled to 0°C in dry THF then a six-fold 
excess of solid potassium tert-butoxide was added. This gave azepine (254) in 












The azepine (254) had a similar 1 H n.m.r. spectrum to that of the 
previous thieno-benzazepines with a broad singlet at 8 4.50 at 25 0C, which 
resolved into two doublets at -23 0C, 65.07 (J=12.1Hz), and 6 3.93 (J=12.1Hz). 
The compound had a coalescence temperature of 23 0C. This compound unlike 
the previous azepines in this research was crystalline, which allowed an 
accurate elemental analysis. 
The final amide which was examined in the thiophene series was the 
amide (170), Scheme 65, which was again converted to the imidoyl chloride 
(255) by reaction with NN-dimethylformidinium chloride, since the thionyl 
chloride reflux method produced a black tar. 
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The imidoyl chloride was reacted with a two and a half-fold excess of 
potassium tert-butoxide at 0°C in THF, which gave 6-phenyl-[2,3-e]thieno-6H-
benz[c]azepine (256) in 74% yield. This azepine had a 1 H n.m.r. which was 
similar to all the previous thieno fused benzazepines, a broad peak at 8 4.41, 
250C, which gave doublets (J=11.3Hz) at 6 5.12 and 6 3.70 when cooled to - 
230C. The coalescence temperature was 20C. The molecular formula was 
confirmed by an accurate mass measurement. This result concluded the 
















The second heteroaromatic compound which was examined in this work 
was furan. Furan like thiophene is an "electron rich," ring system which readily 
undergoes electrophilic substitution reactions. 
Due to the larger electronegativity of oxygen compared to sulphur, furan 
more readily undergoes reactions which lead to disruption of the aromatic ring. 
The latter is therefore considered to have a greater localisation of double bond 





It was hoped that the furan fused azepine (258), Scheme 66, could be 
prepared in a similar manner to that used for the previous thiophene analogues. 
Both of the previous methods used for preparing imidoyl chlorides were 
used on the amide (186); (1) thionyl chloride/ ether reflux for 18 hours, and (2) 
N,N-dimethylformidinium chloride/ DMF at room temperature for 30 minutes. As 
mentioned previously the conversion of the amides to imidoyl chlorides was 
monitored by 1 H n.m.r.. Both of the above reactions gave compounds which 
when examined by the above method showed a singlet at 6 4.53 which was 
upfield from the starting material doublet representing the methylene protons at 6 
4.63. The imidoyl chloride singlet typically occurs downfield (Ca 6 0.15 -> 6 
0.35) from the amide starting material. Treatment of this chlorination product with 
potassium tert-butoxide gave no further reaction, as shown by 1 H n.m.r. It was 
concluded, therefore, that the compound produced as a result of the chlorination 
of the amide (186), was not the imidoyl chloride (257). A variable temperature 
n.m.r. study on this compound showed that the singlet at 6 4.53 separated into a 
pair of doublets (J=11.2Hz) at 6 5.23, and 6 3.91, when cooled to -45 0C, 
Appendix 1. The coalescence temperature was -22 0C. On this basis, and the 
accurate mass, the product of the chlorination reaction, was formulated as 4-
phenyl-[3,2-e]furo-6Hbenz[c]aepine (258). The yields of the azepine (258) 
were 78% and 83% according to methods (1) and (2) above, respectively. 
Comparison of the 1 H n.m.r. spectrum of (258) with that of the amide 
(186) gave confirmation that the cyclisation had occurred at the 2-position of the 
furan ring. The 4-furyl proton in the amide (186), occured at 66.53 as a doublet 
of doublets (J45=1 .8Hz, J2,4=0.9Hz). The product spectrum gave the 4-furyl 
proton as a doublet (J=1 .8Hz), at 6 6.94, due to coupling to the furan 5-H, this 





Formation of nitrile ylides from imidoyl chlorides normally requires base 
induced dehydrochlorination. No base was used in this case, therefore it must 
be concluded that the azepine was not formed from the nitrile ylide (259). It 
seems likely that the azepine was formed by an electrophilic substitution reaction 
of the imidoyl chloride moiety on the terminal furan ring in a Bischler-Napieralski 
type reaction99, Scheme 67. 
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Scheme 67 
The ring closure step is an electrophilic substitution reaction and can only 
proceed if the ring being "attached",' is electron rich, in the example above the 
benzene ring has two methoxy substitutents which are electron donating, thus 
making the substituted benzene ring more reactive to electrophiles. Both 
thiophene and furan are electron rich ring systems, however, the latter is known 




Relative rates of electrophilic substitution 
for furan and thiophene 
Reaction Type 
Compound 	Trifluoroacetylation 	Formylation 
(750C) 	 (300C) 
Furan 	I 	140 	 107 
	
Thiophene 1 	 1 	 1 
It therefore seems likely that the imidoyl chloride (257) reacted smoothly 
to give azepine (258) via electrophilic substitution reaction, Scheme 68. 
Cr~60 










This concluded the research on the reactions of nitnle ylides formed from 
imidoyl chlorides which contained electron rich heteroaromatic systems this work 
then turned to examine the reactions of nitrile ylides with "electron poor", 
heteroaroniatic rings, e.g. pyridine. 
N-Benzoyl-2-(3-pyridyl)benzylamine (188), was converted into imidoyl 
chloride (266) by reaction with NN-dimethylformidinium chloride, Scheme 69; 
The product was then cooled to O"C in dry THF, then solid potassium tefl-
butoxide was added, this gave two azepines (268) and (269). 
_eI K  Ph OPh  N  
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The ratio of the two products was 1: 1.36 with an overall yield of 61%. 
Various methods of separation of these two azepines were tried, however, no 
separation could be achieved using chromatography, distillation or 
t 
NA 
crystallisation. These azepines when examined by 1 H n.m.r. and were similar to 
dibenzazepine (94), at 250C. Both (268) and (269) each showed two doublets 
with the expected chemical shifts (8 3.80, 3.91, 4.93, 4.98). The coalescence 
temperature for these azepines was 112°C, which was more comparable with 
(94) than any of the series of thieno fused azepines. The final evidence for the 
structure came from an accurate mass spectrum. 
The ratio of the products from the above reaction displays only a limited 
preference between the two reaction sites for the nitnle ylide (267). This was in 
contrast to the thiophene work, described earlier, in which the electrocyclisation 
occurred exclusively at the 2-position, when given the opportunity to react at 






D S 171A 
The bond lengths given above 101  illustrate that pyridine bonds C2/C3 
and C3/C4 are similar to each other in length and close or the same as the 
length of an aromatic bond in benzene. However, the bond lengths in the five 
membered heteroaromatics indicate a more localised model: the C2/C3 bond 
length is closer to that of a double bond (C2 = Csp2 ,  1 .34A0) and C3/C4 has a 
length closer to that of a single bond (C52 - 1 .48A°). If seems therefore, 
from these results that periseleclivity of electrocyclisation in these systems is 
related to the degree of double bond character in the y,8-bond. 
The second pyridyl compound examined was (189), Scheme 70. The 
conversion of the amide (189) to (270) was accomplished with N,N- 









was then reacted with solid potassium tert-butoxide in THE at OOC, this gave 








This azepine gave a 1 H n.m.r. spectrum similar to those previously 
obtained with doublets (J=1 0.6Hz) for the methylene protons at 6 3.83 and 6 
4.95. The coalescence temperature was 115 0C which was similar to the two 
previous pyrido fused azepines (268) and (269). The molecular formula was 
confirmed by an accurate mass measurement. 
The final pyridyl compound examined was the 2-pyridyl system (187). It 
was expected that the nitrile ylide (274) would be formed in the usual manner 
from the imidoyl chloride (273), which itself would be generated from the amide 
(187) by reaction with NN-dimethylformidinium chloride, Scheme 71. 
Me2 =CHCl 
DMF 














Thionyl chloride was added to a DMF solution of N-benzoyl-2-(2-
pyridyl)benzylamine (187), which gave the imidoyl chloride (273) as an oil after 
drying at 30-350C under high vacuum. 
This was shown by the 60MHz 1 H n.m.r. spectrum in CDCI3: a singlet 
was observed at 6 4.77 (the starting material had a doublet at 6 4.55, J=6.1 Hz). 
Solid potassium tert-butoxide was added to a THF solution of (273) at 00C in the 
usual way to give the azepine (275), in a lower than normal yield of 38%. The 
structure was confirmed by accurate mass measurement on the molecular ion, 
and by the 1 H n.m.r. which gave the usual azepine spectrum containing two 
doublets (J=1 1.7Hz) at 6 3.99 and 5 4.98. Several attempts were then made to 
repeat this result, however, no product azepine was isolated from the further 
reactions, instead the amide (187) was returned quantitatively. Attempts were 
also made varying the amounts of NN-dimethylformidinium chloride from the 
original 1.5 fold excess, Table 11. 
Table 11 
Reaction of the amide (187) with 
N,N-dimethylformidinium chloride 
Amount of 	Product from the reaction 
chlorinating agent 






The only reaction which succeeded was entry 4 (yield, 56%), however, 
repeating the reaction again under these conditions returned N-benzoyl-2-(2-
pyridyl)benzylamine. The non-reproducibility of this reaction was puzzling and it 
was initially suspected that it was due to the failure of the first stage conversion 
into the imidoyl chloride. This step proved very difficult to monitor by the usual 
n.m.r. method because the product after the chlorination reaction was 
sometimes a white crystalline solid which was insoluble in deuteriochloroform. It 
seemed possible that this wasAto the formation of the hydrochloride salt of either 













(276) 	 (277) 
Scheme 72 
It was thought that the reaction to form the imidoyl chloride (273) was 
perhaps being hindered by the preferential formation of (276), and this was 
resistant to the conversion into imidoyl chloride (273). The formation of the 
hydrochloride salt of the amide (187) could be due to the presence of hydrogen 
chloride in the thionyl chloride, or due to the elimination of hydrogen chloride as 
a result of the chlorination reaction, Equation 1. 
SOd 2 + 2Me2NCHO + RNHCOPh • 	SO2  + Me2NCHO + RN=CCIPh + HCI 	(Eq. 11 
The hydrogen chloride could be removed from thionyl chloride by 
degassing, however, its production in the reaction (Equation 1) could only be 
prevented by the use of an alternative route. 
AppeI 102, has shown that imidoyl chlorides can be prepared, in neutral 
conditions, from amides by reaction with carbon tetrachloride and 
triphenylphosphine, Scheme 73. 
____ 	 R1—C=O Ph3P+CCI4 so Ph3P"C1111CCI3 + R2—N—H 
A 1 +1 
FRi COpphl Ph + 	C=N_R2 -4 	
[R2_ 	
Cl + CHCI3 
Cl 
Scheme 73 
It was thought that a trial experiment should first be attempted to obtain 
the optimum reaction conditions. The amide (278) was selected since it was the 
simple benzene analogue of (187), and the imidoyl chloride of (278) had been 
previously prepared by the usual route 11 , Scheme 74. 
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Three reactions with N-benzoyl-2-phenylbenzylamine were carried out 
using Appel's method. The best conversion of (278)->(91), (83%) was given with 









conversion was monitored, as previously by the change in the 1 H n.m.r. 
spectrum. 
Ph 













The optimum conditions determined from the above reaction were then 
applied to the amide (187), Scheme 76, however, monitoring this conversion by 
n.m.r. proved inadequate, and no alternative method of observing the 





Since the formation of the imidoyl chloride (273) could not be monitored, 
and it was likely that this compound would be too unstable to isolate from the 
reaction mixture, it was decided to add the base potassium tert-butoxide to this 
reaction mixture (see Experimental 4.8.2.2), and examine the overall products. 
93 
Chromatography after the above two reactions, Scheme 77, gave 
triphenylphosphine, 	triphenyiphosphine 	oxide, 	N-be nzoyl-2-(2- 
pyridyl)benzylamine and two intractable oils. The presence of 
triphenylphosphine oxide indicates that some conversion of the amide (187) had 
occurred, however due to the problems incurred, this method was abandoned. 
I 
~*~ 
CCl4/ PPh KOBut/ THF 	Reaction 
eCOPh CH3CN 	 00C 	Products 
(187) 
Scheme 77 
Since reactions of the 2-pyridyl amide (187) seemed to be causing 
unique and intractable problems when carried out on a preparative scale, it was 
decided to implement a more detailed study on n.m.r. scale using deuterio-N,N-
dimethylformamide (DMF-d7) as the solvent. The use of this solvent would fulfil 
two purposes, (1) it would serve as a reactant with the thionyl chloride to 
generate the chlorinating agent, and (2) it would be sufficiently polar to dissolve 
any hydrochloride salts such as (276) and (277). Scheme 72. It was decided to 
develop the technique for this study by using it to monitor the reactions on N,N-
dimethylformidinium chloride, over a period of time with the benzene and 
pyridine analogues (278), and (189) respectively. 
N-Benzoyl-2-phenylbenzylamine Was dissolved in DMF-d7 and under dry 
conditions, then transferred to an n.m.r. tube fitted with a septum cap. Thionyl 
94 
Figure 13 
Cummulative spectra for the reaction of (278) and chlorinating agent. 
:5.- 
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chloride was added by syringe to a sample vial, fitted with a Suba-seal, which 
contained DMF-d7, after 5 minutes this solution was added to the n.m.r. tube 
containing the amide solution. The overall solution was then examined by 
360MHz 1 H n.m.r. overnight, Figure 13. 
There are several distinct points which arise from the Figure 13. 
N-(2-phenylbenzyl)benzimidoyl chloride was obtained within 15 minutes 
as shown by the strong singlet peak at 64.74. 
A negligible amount of the amide (278) remained after 12 hours as 
shown by the broad singlet due to the amide (N-H) and by the sharp doublet due 
to the methylene group (CI-12), at 8 8.72 and 8 4.42 respectively. 
The aromatic region changed very little. 
The small singlet which occurred after 3 hours at 8 5.19, will be 
discussed more fully later. 
The second experiment was carried out on N-benzoyl-2-(4-
pyridyl)benzylamine in a similar manner to that used above for (278). It was 
hoped that this experiment would show up any change in the rate of reaction (if 
any) which occurs when the terminal benzene ring is placed with pyridine. 
Figure 14 illustrates the 1 H n.m.r. results obtained from this reaction. The 
following points were drawn from this data. 
N-(2-(4-pyridyl)benzyl)benzimidoyl chloride was given after 1 hour as 
indicated by the sharp singlet at 64.90. 
The peaks due to the methylene and amide (N-H) groups (6 4.42 and 6 
8.77 respectively) in the original amide (189) disappeared after 1 hour. 
The aromatic region changed very little. 
The presence of a small singlet at 6 5.37 after 6 hours. 
The formation of the imidoyl chloride (270) was similar to that for the 





Cummulative spectra for the reaction of (189) and chlorinating agent. 
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Figure 15 
Cummulative spectra for the reaction of (187) and chlorinating agent. 
LLU_ 
E±i ± A V. 
3 	3. 
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compared with 15 minutes for (278). This indicates that the presence of the 
pyridine ring has no deleterious effect in this case. Therefore, any difference in 
the efficacy of the reaction between amides (189) and (187) must be due to the 
position of the attachment of the pyridine ring (4-compared to the 2-position). 
The experiment with N-benzoyl-2-(2-pyridyl)benzylamine was carried out 
in a similar manner as that used in the previous two compounds. The n.m.r. 
spectra are shown in Figure 15. There are several striking points which can be 
observed. 
The most outstanding difference between this reaction and those of the 
two previous control experiments was the formation of a major product which 
gave two doublets (J=1 1.1 Hz) at 84.91 and 84.72. 
A sharp singlet at 8 5.14 occurs in the region where the expected imidoyl 
chloride would absorb; this is apparently the minor product (25% compared to 
(1) above). 
The amide starting material had disappeared after 12 hours as shown by 
the absence of the singlet at 6 8.75 and the doublet at 84.57. 
The aromatic region unlike the two previous examples has changed 
markedly. 
As in the previous examples, a small singlet occurs in the spectrum this 
time at 6 5.44, however, the size in this case was much reduced. 
The presence of the two doublets in the spectra of the major product 
indicates that the methylene protons are non-equivalent. This is much like the 
absorption pattern seen in benzazepines (see earlier), and it seemed possible 
that (275) might have been formed directly. The 'H n.m.r. spectrum of the 
azepine (275), isolated from the earlier successful cyclisation, was therefore 
obtained in DMF-d7. This spectrum contained doublets at 8 3.81 and 8 4.87 
(J=10.6Hz) which were clearly absent from the spectrum of the chlorination 
reaction, thus ruling out the presence of (275) at this stage. 
Since the major product was not the azepine (275) and was clearly not 
the expected imidoyl chloride the following series of experiments were carried 
out to gain some information about its structure and chemistry. 
Treatment of a sample of the reaction mixture with aqueous sodium 
carbonate solution gave a product shown by 1  H n.m.r. to contain only the amide 
starting material (187). 
A second sample was dried under high vacuum then dissolved in dry 
THF, and to this was added solid potassium tert-butoxicle. After the usual work-
up this gave, by 1 H n.m.r. the amide (187) again. A further sample was then 
prepared and into the n.m.r. tube was added a solution (DMF-d7) of potassium 
bis(tnmethylsilyl)amicle. On addition the solution changed colour from pale 
yellow to dull red, but the 1 H n.m.r. spectrum remained the same as that 
recorded before the addition of the base. This also gave after work-up the 
amide (187) as shown by 1 H n.m.r. The above base was used since it would not 
interfere with the examination of this reaction by 1 H n.m.r. 
The above experiments show that the unknown compound reverts readily 
back to the amide (187) and also that it is not converted into azepine (275) under 
the usual conditions. The direct formation of the furan fused azepine (258) has 
shown that imidoyl chlorides of the type used in this research are open to 
intramolecular nucleophilic attack. In this system the nucleophilic nitrogen of the 
pyridine ring is ideally situated for intramolecular ring closure to give (279) and it 
is proposed that this is the major product of the reaction. 
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Figure 16 
2D 1 H n.m.r. COSY of (187). 
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Figure 15 illustrates a marked changed in the absorption of the aromatic 
protons from the amide (187) to the reaction product. At first sight this seemed 
to be consistent with the effect expected for a reaction involving the 
quaternisatior, of the pyridine nitrogen atom. In order to provide more secure 
structural evidence this effect was examined further via careful analysis and 
comparison of the spectrum of the amide (187) with those of its hydrochloride 
salt (276) and the reaction product thought to be (279). The latter two 
compounds both have a quaternised pyridine moiety. 
In these spectra the pyridyl protons were assigned on the basis of a 
series of 2D 1 H n.m.r. COSY experiments designed and carried out by Dr. D. 
Reed (Figures 16-18). The chemical shifts of the pyridyl protons (see structure 
below) are recorded in Table 12. 
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Figure 17 
20 1 H n.m.r. COSY of (276). 
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Chemical shifts of the pyridyl protons 
obtained from COSY experiments. 
4 
,.-. 5 
Compound 	 Position in Pyridine ) 
3 	4 	5 	6 
Hydrochloride salt (276) 
Amide (187) 
802 844 788 885 
(+0.46)* (+061) (+059) (+021) 
756 783 729 864 
Reaction product (279) 
	
867 	895 	823 	918 
(+111) (+112) (+094) (+054) 
* The figures in parenthesis are the chemical shift differences 
from the corresponding protons in the amide (187) 
There are two key points to notice, firstly that all the protons on the 
pyridyl ring were still present after reaction with the chlorinating agent, thus 
showing that no reaction had occurred at carbon. Secondly, the protons in (279) 
were all shifted in the same direction as the corresponding protons in the 
hydrochloride salt (276), but by about twice as much. The enhanced deshielding 
105 
is most likely due to the electron withdrawing effect of the imine group attached 
to the quatemised nitrogen atom. 
A saturation transfer effect was attempted on the doublets at 8 4.91 and 8 
4.72, it was hoped that this would demonstrate that these protons were 
interconvertable via ring inversion, however, the result of this experiment was an 
n.O.e. of 14% with no saturation transfer. This implies that ring inversion in 
structure (279) is slow on the n.m.r. time scale. 
The final evidence for structure (279) was obtained from a further two 
n.O.e. experiments, Table 13. 
Table 13 




Effect at Position (%) 
2 	11 	3 	2' 
15 4 - - 
-' 	2 	1  
2 
4 
8 	 b 
The results in Table 13 demonstrate an across-space relationship which 
is consistent with proposed system (279). Finally a variable temperature n.m.r. 
experiment was carried out on (279) to find out whether the pair of doublets 
would coalesce on heating as expected for a compound of this type. The 
spectrum showed no change up to 800C when decomposition occurred to give 
two singlets at 6 4.63 and 6 5.51 which were most likely due to the formation of 













The two small singlets which are present in Figure 15 at 6 5.14 and 6 
5.44 are possibly due to the presence of small amounts of the imidoyl chloride 
(273) and its hydrochloride salt (277). Similarly the small singlets in Figures 13 
and 14 are probably due to the analogous imidoyl chlorides and hydrochloride 
salts. 
The evidence noted above is consistent with the formulation of the 
product of the reaction of N-benzoyl-2-(2-pyridyl)benzylamine with N,N-
dimethylforn,idi nium chloride as 6-aza-4a-azonia- 7H-dibenzocycloheptene (279). 
Its reversion to the amide starting material on hydrolysis is also in accord with 
this structure. However, two observations are still unexplained, (1) the formation 
of the amide on the reaction of (279) with the bases potassium tert-butoxide and 
potassium bis(trimethylsily)amide, and (2) the inconsistency of the preparative 
scale reactions which in two cases only gave the fused azepine (275) in 
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substantial yield. Further, work on this system was precluded by a shortage of 
time. 
2.3 	Studies on Ring Inversion by Variable Temperature 1 H n.m.r. 
All of the fused azepines prepared in this and earlier work (see the 
structures on the following page) have been found to undergo inversion of the 
seven-membered ring at a rate which allows its study by variable temperature 
(V.T.) n.m.r.. The methylene protons absorb as a pair of doublets (J ca 10-11 
Hz) at low temperatures, and as the temperature is increased these absorptions 
coalesce and eventually give a sharp singlet at the midpoint when the rate of 
inversion is fast on the n.m.r. time scale. As in all such systems the activation 
energy for ring inversion can be determined by finding the coalescence 
temperature Tc. For the coalescence of an AB-type spectrum the rate constant 
(Kc) of chemical exchange at the coalescence temperature Tc is given by 103 : 
KC = ( LWAB 2 + 6JAB2)05/ /2 
AB is the coupling constant between A and B in hertz. The rate of 
isomerisation is related to the free energy IG#, by the Eyring equation. 
Kb = Boltzmann Constant 
K0 = Kb Tc 	
e 	R = Gas Constant 
h 	 h = Planck Constant 
The 1 H n.m.r. coalescence temperatures and free energies for ling 
inversion were calculated using the above method, and are given in Table 14. 
Ph 
Ph Ph 
(258) (256) (254) 
(235) (233) (275) 
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of ring inversion values 


































86 - 1 
It can be seen from the Table that the highest value corresponds to the 
dibenzazepine (94), this is followed by the pyrido fused azepines, thieno fused 
azepines, and finally the lowest figures are given for the furo fused azepine 
(258). 
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This trend is consistent with earlier work by Munro and Sharp 84, on 
fused diazepines in which it was found that the activation energy for ring 
inversion was decreased when a fused benzene ring was replaced with 
thiophene. This was rationalised in terms of the effects of the five- and six-
membered rings on the angle strain in the puckered ground state and the planar 
transition state. Benzene fusion results in greater angle strain in the transition 
state than the ground state whereas thiophene fusion has the opposite effect. 
The results in this work follow the same trend. 
2.4 	Attempted Synthesis of Azepines by Tandem Cycioadditionl 
Electrocyclisation of 1,3-Dipoles 
2.4.1 Introduction 
It was hoped that it might be possible to develop a general synthetic 
route to azepines of the type (287) below, from the protected amine (282) via 
cycloaddition and electrocyclisation steps 1 and 5 respectively, Scheme 80. 
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This research was to complement the previous work which allowed the 
development of a general synthetic route to azepines of the type (290), obtained 
from the boron ic acid (207). 
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B(OH)2 
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N HCOPh 
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2.4.2 Synthesis of the Amide Precursors to the Nitrile Ylides. 
The first attempt was based on Scheme 82. In general alkynes which are 
not activated by electron withdrawing groups are known to be relatively 
unreactive in cycloaddition reactions with nitrile oxides. The ethoxycarbonyl 
substituted nitrile oxide was therefore selected because of its known high 
reactivity in cycloadditions. 
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Figure 19 
The structure of (297) as confirmed by x-ray crystallography. 
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1 -Phenyl-3-phthalimidoprop-1 -yne (294) was prepared as illustrated 
above, this gave the isoxazole (297) in 38% yield after heating under reflux in p-
xylene with ethychiorooximidoacetate. The structure was confirmed by x-ray 
crystallography, Figure 19. 
It was hoped that the amine (298) could be prepared from the 
phthalimide (297) by hydrolysis 104 as previously used in the preparation of 3-
aminomethyl-2-bromothiophene (180) from the phthalimidè (179), Scheme 38. 
However, this reaction failed, probably due to the known lability of the isoxazole 
ring to nucleophiles105.106. 
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Ganem107 has shown that amines can be prepared from their 



















This method was used on the phthalimide (297), however, this failed also 
yielding an intractable oil. This was at first sight surprising since it had 
previously been shown that the isoxazole ring was stable to cleavage by sodium 
hydride, Scheme 84. 
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It seems possible that in the case of (297) the presence of the ester 
group at the 3-position enhanced the susceptibility of the ring to reductive 
cleavage. It is known that isoxazoles with an acyl group in the 3-position are 
more open to attack by nucleophilic reagents as shown in Scheme 85. 
R3 U NU 
(306) 
	




+ Nu —COR2 
(308) 
Since it seemed likely that the presence of the ester group in (297) had 
been responsible for its easy cleavage by borohydride, the next synthetic target 
was (309) in which the ester group has been replaced by phenyl group. The 
synthesis involved the cycloaddition of benzonitrile oxide to (294). Two attempts 
were made, the first involving the dehydrochlorination of the benzohydroximidoyl 
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chloride in p-xylene, and the second via slow addition of triethylamine to a 
solution of the alkyne and benzohydroximidoyl chloride. 
NPhth 




(294) 	 (309) 
Scheme 86 
Neither of the above methods gave the desired product (309). This result 
was not unexpected since it was known that benzonitrile oxide (BNO) is less 
reactive than ethoxycarbonylformonitnle oxide (EFO). 
An attempt was also made to avoid the problems in converting the 
phthalimide group to the required amide by carrying out the cycloadditions with 
alkyne (310), Scheme 87. However, neither of the nitrile oxides used previously 











(311) 	 (312) 
Scheme 87 
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It was thought that neither of the above two cycloadditions gave their 
respective isoxazoles because of the lower activation gained to the alkyne due to 
the presence of the amide (310) compared with the phthalimide group (294). 
Two problems were encountered in this work. Firstly, the low reactivity of 
the alkyne and nitrile oxide in the cycloaddition reactions, and secondly, the 
difficulty in removing the phthalimido group from the amine in the adduct. The 
reaction, Scheme 88, was designed to overcome the first problem by using an 
alkyne activated by the electron withdrawing ester group. It was hoped that the 
ester group in the adduct could then be converted to the amine by the route 
shown without disruption of the isoxazole ring. 
EtOC 	Ph 
Ph_= CO Et + Ph— C2:-=N-0 	No 
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The cycloaddition of ethyl phenylpropiolate and benzonitrile oxide gave a 
nearly quantitative yield of the isoxazole (315). The ester group was then 
reduced with DIBAL-H at -78 0C in excellent yield to give (316). 
In a pilot scale investigation, oxidation of the alcohol (316) with pyridinium 
chlorochromate according to the method of Corey and Suggsl° 8 gave the 
aldehyde (317). This was then converted into the oxime (318), however the final 
reduction failed to give the amine (319). 
An alternative route from (316) to the amine (319) was therefore planned 
as shown in Scheme 89. This utilised as a key step a new alternative to the 
Gabriel synthesis 109  involving the use of sodium diformylamide. The cleavage 
of the formyl groups requires acid conditions which isoxazoles are known to be 
stable. 




























e The amine (322) was obtained in an overall yield of 79% from the p-
tolLnesulphonate ester (320), it was then converted immediately to the amide 
(323) since it was found to be unstable. At this stage it was decided to repeat 
the previous attempt to synthesis the amine (319) via the oxime (318). This was 
carried out- on a larger scale using a much purer sample of the oxime that had 
previously been possible in a pilot scale investigation. The amine (319) was 
obtained from the reduction of the oxime (318) in 89% yield. 
2.4.3 Attempted Synthesis of the Azepine(s) from the Isoxazole 
(311) via 1 ,7-Electrocyclisation 
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The final sequence in this synthesis was to be the the conversion of the 
amide (311) into the imidoyl chloride (324), then into the nitrile ylide (325) and 
121 
finally into the azepine(s) (326) and/or (327) Scheme 90. However, the 
conversion of the amide (311) into the imidoyl chloride (324) was not obtained 
using the various methods listed in Table 15. 
Table 15 
Attempted conversion of the amide (311) 
to the imidoyl chloride (324) 
Chlorinating Agent 	Solvent 	Reaction 	Reaction 
Temperature (°C) Time (hours) 
N,N-dimethylformidinium I I I 
chloride 	 I DM F 	 25 	I 	18 
Thionyl chloride 	 Ether 	Ref lux 	 18 
Phosphorous 	
Ether 	Ref lux 	 18 pentachioride 
These investigations into the formation of the imidoyl chloride (324) were 
limited and were carried out on small scale. A more detailed inquiry is required, 
similar to that previously employed for the formation of the imidoyl chloride of N-
benzoyl-2-(2-pyridyl)benzylamine. 
This research was successful in developing a route to the target amide 
(285) from readily available starting materials in high overall yield. If the final 
problem with the conversion into the nitrile ylide (325) can be overcome it seems 
likely that this could be developed into a more general synthesis by the use of 
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SYMBOLS AND ABBREVIATIONS 
M.P. melting point 
b.p. boiling point 
t.I.c. thin layer chromatography 
g.l.c. gas liquid chromatography 
h.p.l.c. high pressure liquid chromatography 




s; d; t; m singlet; doublet; triplet; multiplet 
J coupling constant 
chemical shift 
i.r. infra-red 
V wave numbers 
m/z mass to charge ratio 
h, min hours, minutes 





DMSO dimethyl sulphoxide 
FAB fast atom bombardment 









g; mg grammes; milligrammes 
Tc coalescence temperature 
A G# free energy of activation for ring inversion 
n.O.e. nuclear Overhauser effect 
COSY correlation spectroscopy 
h, min hours, minutes 
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INSTRUMENTATION AND TECHNIQUES 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
n.m.r. spectra were obtained using; (i) Jeol PMX60 (60MHz) and 
Bruker WP80 (80MHz) spectrometers for routine samples; (ii) Bruker WP80 
(80MHz), WP200 (200MHz), WH360(36OMHz), and VXR(400MHz) for all 
novel compounds. Variable temperature experiments were carried out on the 
WP80 (80MHz). All n.m.r. experiments were carried out by Dr. D. Reed on 
the WH360. 
13C n.m.r. spectra were obtained on Bruker WP200 (50.3MHz) and 
VXR400(1 00.1 MHz). Chemical shifts were recorded as delta (S ) values in 
parts per million, downfield from tetramethylsi lane (S = 0.00) as internal 
standard in deute Hoch loroform unless otherwise stated. The spectrometers 
were operated Miss H. Grant, Mr J.R.A. Millar, and Dr. D. Reed. 
MASS SPECTROMETRY 
Mass spectra were obtained on either an Associated Electrical 
Industries MS902 spectrometer or a Kratos MS50 spectrometer. The 
spectrometers were operated by Miss E. Stevenson and Mr. A. Taylor. 
INFRA-RED SPECTROMETRY 
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The samples were ran either as films or nujol mulls on sodium chloride 
plates using a Perkin Elmer 781 or 298 spectrometer. 
ELEMENTAL ANALYSIS 
Microanalysis was obtained on Carlo-Erba model 1106 and the Perkin 
Elmer 2400 instruments operated by Mrs E. McDougall. 
X-RAY CRYSTALLOGRAPHY 
X-ray structures were obtained from Nicolet/ Siemens R3m/v system 
using graphite monochromated Cu-Ka radiation, with 29-scans. The 
instrument was operated by Dr R.B. Lamont, Glaxo Structural Chemistry, 
Greenford. 
MELTING POINTS 
Melting points were determined using Gallenkamp melting-point 
apparatus. 
GAS LIQUID CHROMATOGRAPHY 
All chromatograms were obtained from Pye Unicam series 204 g.l.c. 
unit. This used flame ionisation detector and nitrogen as the carrier gas. The 
columns had an internal diameter of 4mm, were im in length, and the 
stationary phase was silicone oil supported on celite (80-100 mesh). 
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HIGH PRESSURE LIQUID CHROMATOGRAPHY 
Analytical chromatograms were obtained using Cecil Instruments 
CE212 variable wavelenth ultraviolet monitor. Reverse phase column was 
packed with stationary phase (ODS) of 511m  diameter and was 10cm in 
length. Altex model 110A pumps gave isocratic delivery. Normal phase 
columns were either S3CN or DYNAMAX-Si, and were 15cm in length. 
THIN LAYER CHROMATOGRAPHY 
This chromatography was carried out with pre-coated 0.2mm sheets of 
silica (Kodak 13181 silica gel with fluorescent indicator). Compounds on 
chromatograms were detected by their quenching of fluorescence under 
ultra-violet light (254nm) or by their staining with potassium permanganate. 
DRY FLASH CHROMATOGRAPHY 
This was carried out using silica gel (Fluka, Kieselgel GF254) as 
described by Sharp and co-workers. All samples were preabsorbed onto 
silica. 	S 
DRYING 
Anhydrous magnesium sulphate was used to dry all organic solutions 
obtained from experiments. 
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PURIFICATION 
THF was distilled from sodium and benzophenone, DMF, and DME 
were distilled from calcium hydride. Acetonitnle, triethylamine, 0CM, 
chloroform and carbon tetrachloride were passed through a column of 
activated alumina then distilled from phosphorous pentoxide before storing 
over molecular sieve 4 A0.  Diethyl ether was dried over sodium wire. 
PALLADIUM CATALYSED CROSS-COUPLING REACTION 
These reactions were carried out using the method of Suzuki 61 , in 
DME. The DME used in the reactions was passed through a column of 
activated alumina and used immediately. All reactions were monitored by 
h.p.l.c. by the disappearance of the arylbromides. 
Tetrakis(triphenylphosphine) palladium (0) was purchased from Aldrich, and 
the water used was distilled. 
GENERAL 
All solvents removed during work-up were evaporated by rotary 
evaporator under vacuum. 
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I 	SYNTHESIS OF FUSED AZEPINES 
VIA NITRILE YLIDE CYCLISATIONS 
1 	Preparation of starting materials 
1.1 	N-Benzoyl-2-bromobenzy1lamine 
2-Bromobenzylamine hydrochloride (3.92g, 17.6 mmol) and anhydrous 
sodium carbonate (4.01g, 37.8mmol) were added to DCM (60ml) and stirred 
at room temperature under dry nitrogen. After 10 mm, benzoyl chloride 
(2.64g, 18.8mmol) was added dropwise and the mixture was stirred at room 
temperature for lh then boiled at reflux for 30mm. DCM (40m1) and water 
(30ml) were added, the organic layer was separated, then dried, and the 
solvent evaporated to leave white crystalline solid (4.78g, 93%) m.p. 133-
134°C (from ethanol). (Found: C, 58.0; H, 4.3; N, 4.9%. C14H12BrN0 
requires C, 58.0; H, 4.2; N, 4.8%); (Found: m/z (FAB, glycerol) 290.0181. 
C14H12BrN0 required 290.0181); SH  (80MHz) 4.68(d, J 6.01-1z, 21-1, CI-12), 
6.81br(s, IH, NH), 6.98-7.82(m, 9H, Ar-H); m/z (FAB, glycerol) 290(M+1, 
98%), 274(54), 257(1 00); Vm  (nujol) 3300cm -1 (N-H), 1640cm -1 (C = 0). 
1.2 Boronic Acids 
1.2.1 Thiophene-2-boronic Acid 
(i) 	This was prepared by the method of Johnson82, with 2- 
bromothiophene, magnesium, and TIPB. This gave thiophene-2-boronic acid 
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(41%) m.p. 129-131 0C (from water) (lit. 82 , 134-1360C); oH 	(80MHz) 7.08- 
7.19(m, 1H, 4-H), 7.32(s, 2H, OH), 7.60-7.72 (m, 2H, 3-H+5-H). 
(ii) 	This was also prepared by reaction of n-butyllithium on 2- 
bromothiophene followed by TIPB. This gave thiophene-2-boronic acid 
(40%) m.p. 132-14 0C (from water). 
1.2.2 Thiophene-3-boronic Acid 
This was prepared by the method of Gronowitz 81 . n-Butyllithium 
(26.5ml, of a 2.27M solution in hexanes) was stirred at -78 0C under a dry 
nitrogen atmosphere, to this was added dropwise a solution of 3-
bromothiophene (7.50g, 46mmol) in dry ether (25ml). After 5 minutes stirring, 
TIPB (11 .8m1, 51 mmol), was added dropwise. The solution was then warmed 
to room temperature. The reaction was acidified with sulphuric acid (2M), 
then stirred for 10 minutes. Ether (50m1) was added, the organic layer 
separated, then dried, and the solvent was evaporated. This gave thiophene-
3-boronic acid as a white crystalline solid (4.87g, 83%) m.p. 168-169 0C (from 
carbon tetrachloride) (lit. 81 , 162-1640C); 8H  (200MHz) 7.41(dd, J 4.8Hz, J 
1.1Hz, 1H, 5-H), 7.47 (dd, J 4.8Hz, J 2.7Hz, 1H, 4-H), 7.96(dd, J 2.7Hz, J 
1.1Hz, 1 H, 2-H). 
1.2.3 Phenylboronic Acid 
This was prepared by the method of Bean and Johnson 110 , with 
bromobenzene, n-butyllithium, and TIPB. Crystallisation gave white needles 
(59%) m.p. 213-2150C (from carbon tetrachloride) (lit. 110 , 213-2150C). 
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1.2.4 Furan-3-boronic Acid 
This was prepared by the method of Roques 85 , with 3-bromofuran, n-
butyllithiuni, and TIPB. Crystallisation gave furan-3-boronic acid as a white 
crystalline solid (25%) m.p. 125-1260C (from ethanol/water) (lit. 85 , 126-
128°C); 8H  (200MHz) 6.64(dd, J 1.7Hz, J 0.71­11z, 1H, 4-H) 1 7.62(dd, J 1.7Hz, 
J 1.5Hz, 1 H, 5-H), 7.84(dd, J 1.5Hz, J 0.7Hz, 1 H, 2-H), 7.94 br(s, 2H, OH). 
1.3 Preparation of Compounds via Palladium 
Cross-Coupling Reactions. 
1.3.1 3-Phenylthiophene 
This was prepared by the method of Suzuki 61 . 3-Bromothiophene 
(6.52g, 0.04mol), and tetrakis(triphenylphosphine)palladiun, (0) (1.38g, 
1 .2mmol) were added to DME (80ml) with stirring, under dry nitrogen. After 
20 mm, anhydrous sodium carbonate (4.24g, 0.04mol) in water (40ml) and 
phenylboronic acid (5.36g, 0,044mol) were added and the mixture was boiled 
under reflux. Monitoring by h.p.l.c. (ODS, 5j.im, reverse phase, methanol: 
water, 65:35) indicated complete consumption of starting material after 75 
mm. The DME was then evaporated and the mixture extracted with ether. 
The organic layer was dried, and the solvent evaporated to leave a brown 
solid. Dry flash chromatography (silica, petrol) gave white crystalline 3-
phenylthiophere (6.29g, 91%) m.p. 88-89 0C (from ethanol) (lit. 81 , 89.5- 
90.5°C); 5H  (200MHz) 7.25-7.64(m, 8H, Ar-H). 
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1.3.2 2-Phenyl-3-phthalimidomethylthiophene 
This was prepared using the method in 1.3.1, with 2-bromo-3-
phthalimidomethylthiophene (0.25g, 0.8mmol), 
tetrakis(triphenylphosphine) pal ladium (0) (0.03g, 2.6x10 -5  mol), DME (45m1), 
anhydrous sodium carbonate (0.09g, 0.8mmol) in water (2m1), and 
phenylboronic acid (0.12g, 0.96mmol). After 15 mm, h.p.l.c. indicated 
complete consumption of starting material and the reaction was cooled to 
room temperature. The mixture was worked-up as in 1.3.1 above, this gave 
a brown oil. Dry flash chromatography. (silica, ether: petrol, 1: 9) gave 2-
phenyl-3-phthalimidomethylthiophene as a white crystalline solid (0.20g, 
81%) m.p. 106-1070C (from ethanol). (Found: C, 71.4; H, 4.0; N, 4.6%. 
C19H13NO2S requires C, 71.4; H, 4.1; N, 4.4%); (Found: m/z 319.0660. 
C19H13NO2S requires 319.0667); 8H  (200MHz) 4.89(s, 2H, OH2), 7.04(d, J 
5.3Hz, 1H, 4-H), 7.21(d, J 5.3Hz, 1H, 5-H), 7.33-7.50(m, 3H, Ar-H), 7.58-
7.65(m, 2H, Ar-H), 7.67-7.74(m, 2H, Ar-H), 7.78-7.87(m, 2H, Ar-H); m/z 
319(22%), 318(100), 130(57); Vmax  (nujol) 1700cm 1 (C=0). 
1.4 2-Formyl-3-phenylthiophene 
This compound was prepared in 76% yield by Gronowitz method 62 . 
M.p. 35-360C (lit. 62 , 36-36.50C); SH  (200MHz) 7.21(d, J 5.0Hz, 1H, 4-H), 
7.45-7.47(rn, 5H, phenyl), 7.72(dd, J 5.0Hz, J 1.2Hz, 1H, 5-H), 9.86(d, J 
1.2Hz, 1 H, CHO); Vmax  (nujol) 1645cm1(C=0). 
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1.5 3-Phenylthienyl-2-aldehyde Oxime 
2-Formyl-3-phenylthiophene (4.5g, 24mmol) was dissolved in ethanol 
(lOmi). A solution of sodium acetate (2.21g, 26mmol) in water (lOmi) was 
added to a solution of hydroxylamine hydrochloride (1.81 g, 26mmol) in water 
(lOmi), and the mixture added rapidly with stirring to the aldehyde solution. 
After 2h at room temperature, water (1 Oml) and ether (1 5ml) were added, and 
the organic layer was separated. The aqueous layer was extracted with ether 
(2x1 OmI) and the combined organic layer dried. The solvent was evaporated 
to leave white crystalline product (2.98g, 61%) m.p. 115-116 0C (from 
ethanol). (Found: C, 64.9; H, 4.3; N, 6.9%. C11H9NOS requires C, 65.0; H, 
4.5; N, 6.9%); (Found: m/z 203.0408. C11H9NOS requires 203.0405); 6H 
(80MHz) 7.11(d, J 5.2Hz, 1H, 4-H), 7.33(dd, J 5.2Hz, J 0.7Hz, 1H, 5-H), 
7.40(m, 5H, phenyl), 8.30(d, J 0.7Hz, 1H, CH), 8.45br(s, 1H, OH); m/z 
203(65%), 202(96), 186(100), 115(37); vmax  (nujol) 3180cm -1 (0-H). 
1.6 Preparation of Amines 
1.6.1 2-Aniinomethyl-3-phenylthiophene 
3-Phenylthienyl-2-aldehyde oxime (3.30g, 1 6.2mmol), zinc dust (8.49g, 
0.13mol), ammonium acetate (1.00g, 13mmol), aqueous ammonia (97ml, s.g. 
0.88), and ethanol (50m1) were boiled under reflux for 18h. The solvent was 
evaporated and the residue. stirred with aqueous potassium hydroxide (33% 
w/v, lOOmI). Ether (30ml) was added, and the mixture filtered through a pad 
of celite. The organic layer was then separated, dried and the solvent was 
evaporated to leave 2-aminomethyl-3-phenylthiophene as a brown oil (2.89g, 
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94%). This product was used without further purification. (Found : m/z 
189.0609. C11H11NS requires 189.0612);8H (200MHz), 1.62br(s, 2H, NI-I2), 
4.10(s, 2H, CH2), 7.06(d, J 5.2Hz, 1H, 4-H), 7.23 (d, J 5.2Hz, 1H, 5-H), 7.24-
7.47(m, 5H, Ar-H); m/z 189(100%), 188(78), 173(27), 171 (32), 112(24); vrnax  
(film) 3375cm -i (N-H). 
1.6.2 3-Aminomethyl-2-bromothiophene 
This was made using the lng-Manske procedure 104 2-Bromo-3-
phthalimidomethylthiophene (3.5g, 11 mmol) and hydrazine hydrate (100% 
solution, 3.4m1) were dissolved in methanol (40ml). The mixture was stirred 
for 1  at room temperature then brought to reflux for 10 mm. The insoluble 
phthaloyl hydrazide was removed by filtration then the solvent was 
evaporated after which ether (20m1) and water (20ml) were added. The 
organic layer was separated, then extracted with aqueous hydrochloric acid 
(2M, 2 x lOml). The aqueous acid was then separated, made alkaline, with 
aqueous sodium hydroxide (2M, 2 x 25ml), and extracted with DCM (2 x 
20ml). The DCM layer was then separated, dried and the solvent evaporated 
to leave a brown oil. Kugelrohr distillation gave 3-aminomethyl-2-
bromothiophene as a brown oil (1.15g, 55%) b.p. 94-970C at 0.03mmHg. 
(Found: m/z 190.9388. C5H6BrNS requires 190.9405); 0H  (200MHz) 
1.74br(s, 1H, NH), 3.72(s, 2H, OH2), 6.94(m, 2H, Ar-H); m/z 191(78%), 
19'r(77), 112(49), 84(52), 69(100); Vm (nujol) 3140cm 1 (N-H). 
1.6.3 3-Aminomethyl-2-phenylthiophene 
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This was made using the method as in 1.6.2 above, with 2-phenyl-3-
phthalimidomethylthiophene (2.68g, 8.3mmol), hydrazine hydrate (100% 
solution, 3m1), and methanol (50m1). After the usual work-up as in 1.6.2 
above, this gave a brown oil (1.51g, 96%). This product was used without 
further purification. (Found: m/z (FAB, glycerol) 190.06905. 	C11H11NS 
required 190.06904); 8H  (200MHz) 1.61 br(s, 2H, NH2), 3.78(t, J 15.2Hz, 2H, 
CH2), 6.92-7.83(rn, 7H, Ar-H); m/z 189(19%), 188(26), 174(30), 173(100), 
171(22), 128(28), 87(21), 58(29), 43(69), 39(22), 32(36); Vmax  (nujol) 
3365cm 1 (N-H). 
1.7 Preparation of Bromothiophenes 
1.7.1 2-Bromo-3-methylthiophene 
This was prepared by the method of Blanchette and Brown 83 from 3-
methyithiophene, and N-bromosuccinimide, in carbon tetrachloride. The 
crude product was fractionated to yield 2-bromo-3-methylthiophene (66%) 
b.p. 74-780C at 23mmHg (lit. 83 , 61-630C at 13mmHg). 8H  (60MHz) 2.20(s, 
3H, CH3 ), 6.79(d, J 6Hz, 1H, 4-H), 7.15(d, J 6Hz, 1H, 5-H). 
1.7.2 2-Bromo-3-bromomethylthiophene 
To a refluxing solution of 2-bromo-3methylthiophene (20g, 0.11 mol) 
and benzoylperoxide (0.4g, 1 .65mmol) in dry carbon tetrachloride, a mixture 
of N-bromosuccinimide (19.58g, 0.11moI) and benzoylperoxide (0.4g, 
1 .65mmol) was added portionwise. The solution was refluxed for 3h, cooled, 
and succinirnide removed by filtration. The solvent was evaporated, and the 
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residue fractionated to yield 2-bromo-3-bromomethylthiophene (22.74g, 81%) 
b.p. 78-820C at 1 mmHg (lit. 111 , 88-900C at 4mmHg). oH  (60MHz) 4.47(s, 2H, 
CI-12), 7.00(d, J 6Hz, 1 H, 4-H), 7.25(d, J 6Hz, 1 H, 5-H). 
1.8 2-Bromo-3-phtha! !mid omethylthiophene 
This was made using the Gabriel synthesis 112 using the method of 
Sheehan, and Bolhofer1 13  2-Bromo-3-bromomethylthiophene (8g, 0.03mol) 
was dissolved in DMF (50ml). Dry potassium phthalimide (12.97g, 0.07mol) 
was added and the mixture stirred at room temperature for 90 mm, the 
mixture was then warmed to 45 °C for 90 mm. The solvent was removed 
under high vacuum over 3 h, then DCM (30ml) was added. The mixture was 
washed with aqueous sodium hydroxide (2M, 2x20m1), water (2xlOml), then 
dried, and the solvent was evaporated. This gave after crystallisation white 
crystalline 2-bromo-3-phthalimidomethylthiophene (7.58g, 79%) m.p. 97- 
99°C (from ethanol). (Found: C, 48.4; H, 2.4; N, 4.2%. C13H8BrNO2S 
requires C, 48.5; H, 2.5; N, 4.3%); (Found: mlz (FAB, glycerol) 321 .95377. 
C13H8BrNO2S requires 321.95379); 0H  (200MHz) 4.80(s, 2H, CI-12), 6.96(d, J 
5.7Hz, 1H, 4-H), 7.17(d, J 5.71-1z, 111, 5-H), 7.66-7.74(m, 211, Ar-H), 7.78- 
7.88(m, 2H, Ar-H); m/z (FAB, glycerol) 322(M+1, 96%), 320(100), 274(47), 
257(50), 160(26); Vmax  (nujol) 1710cm -1 (C=0). 
1.9 N-Benzoyl-3-ami nomethyl-2-bro moth iophene 
3-Aniinomethyl-2-bromothiophene (0.30g, 1 .6mmol) and anhydrous 
sodium carbonate (0.34g, 3.2mmol) were added to DCM (lOmI) and stirred at 
room temperature under dry nitrogen. After 10 mm, benzoyl chloride (0.24g, 
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1.7mmol) was added dropwise and the mixture was stirred at room 
temperature for lh, then boiled at reflux for 30 mm. DCM (lOmi) and water 
(lOmI) were added, the organic layer was then separated, dried and the 
solvent was evaporated to leave a brown oil. Dry flash chromatography 
(silica, ether: petrol, 1: 9) gave white needles of N-benzoyl-3-aminomethyl-2-
bromothiophene (0.18g, 38%) m.p. 145-146 0C (from ethanol). (Found: m/z 
(FAB, glycerol) 295.97450. C12H10BrNOS requires 295.97452); oH 
(200MHz) 4.53(d, J 5.9Hz, 211, CH2), 6.45br(s, 1H, NH), 7.00 (d, J 5.9Hz, 1H, 
4-H), 7.25(d, J 5.9Hz, 1H, 5-H), 7.38-7.55(m, 3H, m+p - phenyl), 7.75-7.80(m, 
2H, o-phenyl); m/z (FAB, glycerol) 298(M+1, 35%), 297(22), 28460), 267(41), 
255(54), 232(78), 73(100): vmax  (nujol) 3275cm -1 (N-H), 1630cm 1 (C=0). 
1.10 Preparation of Pyridyl Derivatives 
1.10.1 3-Trimethylstannylpyridine 
This was prepared by the method of Yamamoto and Yanagi 92 , from 
trimethyistannyl chloride (2g, 0.01 mol), 3-bromopyndine (1.60g, 0.01 mol), 
and naphthalene-sodium 93  (3.02g, 0.02mol) in dry DME (20m1). The reaction 
was monitored by g.l.c. (3% OVI, 80 0C), after completion the crude product 
was subjected to dry flash chromatography (silica, ether: petrol, 1: 4) followed 
by distillation, this gave 3-trimethylstannylpyridine (1.89g, 78%) b.p. 124-
128°C at 1.1 mmHg (lit. 92 , 124-126°C at 1 mmHg) 
1.10.2 Diethyl(3-pyridyl)borane 
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This was prepared by the method of Terashima 114 , from 3-
bromopyridine [converted to 3-lithiopyridine by the method of Gilman and 
Spatz 115] (1.58g, 0.01 mol), tnethylborane (lOmI, 0.01 mol), and iodine (2.53g, 
0.01 mol) in dry ether (20m1). The crude reaction product was subjected to 
dry flash chromatography (silica, ether: petrol, 1: 9) followed by crystallisation 
yielded diethyl(3-pyrid'yl) borane (0.74g, 53%) m.p. 161-163 0C (lit. 114 , 160- 
163°C). 5H  (60MHz) 0.65(m, 1OH, ethyl), 7.18(m, 1H, Ar-H), 7.50(s, 1H, Ar-
H), 7.65(d, J 7Hz, 1 H, Ar-H), 8.01 (d, J 6Hz, 1 H, Ar-H). 
1.11 Attempted Preparation of Diethyl(4-pyridyl)borane 
This was an attempt by the method of Terashima 116 , from 4-
bromopyridine (0.88g, 4.5mmol), n -butyllithium (4.76m1, of a 2.1M solution in 
hexanes) and diethylmethoxyborane (lOmI of a 1M solution in hexanes). 
This gave an intractable brown oil which was undistinguishable by 'H n.m.r. 
2. 	Development of a Preparative Route to 
2-N-Benzoylaminomethyl phenyl boron lc Acid 
2.1 	Attempts to Synthesis 
2-N-Benzoylami no methyl phenyl boron ic Acid 
(1) 	n-ButyllithiUm (2.1 ml, of a 2.1M solution in hexanes) was added 
dropwise with stirring to a solution of N-benzoyl-2-bromobenzylamine (0.58g, 
2mmol) in THF(15ml) at -100 0C under a dry nitrogen atmosphere. After lh 
TIPB (0.51m1, 2.2mmol) was added, and the solution warmed to room 
temperature. The reaction mixture was acidified with hydrochloric acid (2M), 
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then stirred for a further 1 0mm. The organic layer was separated, then dried 
and the solvent was evaporated. This reaction gave no formation of 2-N-
benzoylaminomethylphenylboronic acid. 
Using the method as in (1) above, the reaction was with N-benzoyl-2-
bromobenzylamine (1 g, 3mmol), n-butyllithium (3.6ml, of a 2.1M solution in 
hexanes), and TIPB (1.18m1, 5mmol). After the usual work up as in (1), no 
product was isolated. 
Using the method as in (1) above, the reaction was with N-benzoyl-2-
bromobenzene (2g, 6mmol), n-butyllithium (7.2ml, of a 2.1M solution in 
hexanes), and TIPB (3.2m1, 12mmol). After the usual work up as in (1), no 
product was isolated. 
n-Butyllithium (2.7ml, of a 2.1M a solution in hexanes) was added 
dropwise with stirring to a solution of N-benzoyl-2-bromobenzylamine (lg, 
3mmol) in dry ether (20m1). After lh TIPB (1.18ml, 5 mmol) was added, and 
the solution warmed to room temperature. The reaction mixture was made 
acidic with hydrochloric acid (2M), then stirred for a further 10 mm. The 
organic layer was separated, then dried, and the solvent was evaporated. 
This reaction gave no formation of 2-N-benzoylaminomethylphenylboronic 
acid. 
Using the method as in (4) above, the reaction was with N-benzoyl-2-
bromobenzylamine (1 g, 3mmol), n-butyllithium (3.7m1, of a 2.1M solution in 
hexanes), and TIPB (1.18m1, 5mmol). After the usual work up as in (4), no 
product was isolated. 
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Using the method as in (4) above, the reaction was with N-benzoyl-2- 
bromobenzylamine (2g, 6mmol), n-butyllithium (7.7m1, of a 2.55M solution in 
hexanes), and TIPB (2.36m1, lOmmol). After the usual work up as in (4), no 
product was isolated. 
This used the method of Glaxo Group Research 117 . n-Butyllithium 
(17m1 of a 1.55M solution in hexanes) was stirred under a dry nitrogen 
atmosphere, to this was added a solution of N-benzoyl-2-bromobenzylamine 
(0.72g, 2.5mmol), and TIPB (11.75ml, 0.05mol), in THF (lOOmI), dropwise, 
over 2h. The reaction, after a further hour stirring, was acidified with 
hydrochloric acid (2M). The organic layer was separated, then dried, and the 
solvent was evaporated. 	This reaction gave no formation of 2-N- 
benzoylaminomethylphenylboronic acid. 
2.2 Deuterium Oxide Quenching Experiments of 
N-Benzoyl-2-bromobenzylamine 
(1) 	N-Benzoyl-2-bromobenzylamine (50mg, 0.17mmol) was dissolved in 
THF(2m1) under a dry nitrogen atmosphere at 100C. n-Butyllithium (0.22ml, 
of a 1.55M solution in hexanes) was added dropwise, the mixture was then 
stirred for 1  at 100C. Deuterium oxide was added, then the mixture was 
warmed to room temperature. The solvent was evaporated to leave a white 
solid. 'H n.m.r. showed retention of the bromine on the aryl ring, and 
incorporation of deuterium into the N-H bond (lithium-hydrogen exchange 
with no lithium-halogen exchange). 
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(2) 	N-Benzoyl-2-bromobenzylamine (1 57mg, 0.54mmol), was dissolved in 
THF(1 Omi) under a dry nitrogen atmosphere at -78 0C. Methyllithium (0.40m1, 
of a 1.5M solution in diethyl ether) was added dropwise with rapid stirring. 
The solution was stirred for 1  then n-butyllithium (0.38m1, of a 1.55M 
solution in hexanes) was added dropwise. After lh, deuterium oxide was 
added and the mixture was warmed to room temperature. The solvent was 
evaporated to leave a white solid which was purified by preparatory h.p.l.c. 
(DYNAMAX-Si, 15cm, hexane:ethanol:ammonia, 94: 5: 1). This gave two 
products, and returned N-benzoyl-2-bromobenzylamine. 
Product 1: N-Benzoyl-2-butylbenzylamine. (Found: C, 80.8; H, 7.9; N, 
5.1%. C181-121N0 required C, 80.9; H, 7.9: N, 5.2%); (Found: m/z 267.1627. 
C181-121N0 requires 267.1623); 8H  (200MHz) 0.91(d, J 7Hz, 3H, CI-13), 
1.48(m, 2H, CH2), 1.67(m, 2H, CI-12), 2.77(d, J 8Hz, 2H, CI-12), 4.66(d, J 5Hz, 
2H, CI-12), 6.27br(s, 1H, NH), 7.15-7.53(m, 7H, Ar-H), 7.73-7.82(m, 2H, Ar-H); 
m/z 267(92%), 146(70), 131 (67), 117(32), 105(100), 77(88), 51(22). 
Product 2: N-Benzoylbenzylamine. oH (400MHz) 4.64(d, J 6Hz, 2H, CH2), 
6.41br(s, 1H, NH), 7.25-7.37 (m, 5H, Ar-H), 7.39-7.45(m, 2H, Ar-H), 7.47- 
7.52(m, 2H, Ar-H), 7.77-7.81(m, 1H, Ar-H); O  (100MHz), 44.2(CH2), 
126.9(Ar-H), 127.6(Ar-H), 127.9(Ar-H), 128.6(Ar-H) 128.8(Ar-H), 131.5(Ar-H), 
1 34.4(quat), 1 38.2(quat), 1 67.3(quat). 
2.3 Synthesis of 2-N-Benzoylaminomethylphenyl boron ic Acid 
N-Benzoyl-2-bromobenzylamine (2g, 7mmol) was dissolved in THF 
(50m1) under a dry nitrogen atmosphere at -78 0C. Methyllithium (7ml, of a 
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1-5M solution in diethyl ether) was added dropwise, and the mixture was 
stirred for lh. Tert-butyllithium (12.2m1, of a 1.7M solution in pentane) was 
then added dropwise. After 1h, TIPB (9.2m1, 0.04mol) was added and 
mixture warmed to room temperature. The solution was acidified with 
hydrochloric acid (2M), then stirred for 10 mm. The organic layer was 
separated, then dried, and the solvent was evaporated to leave a blue-green 
solid. Crystallisation gave 2-N-benzoylami nómethylphenylboronic acid 
(1.50g, 84%) m.p. 170-173 0C (from DMSO/water). (Found: C, 66.0; H, 5.6; N, 
5.4%. C14H14BN03  requires C, 65.9; H, 5.5; N, 5.5%); (Found: m/z (FAB, 
glycerol) 255.11814. C14H1 4BN03  requires 255.11813); 8H (360MHz) 
((CD3)2S0)) 4.63(d, J 6.1 Hz, 2H, CH 2), 7.20-7.66(m, 7H, Ar-H), 7.92 (d, J 
7.4Hz, 2H, 2'-H), 8.32(s, 2H, OH), 9.00br(s, 1 H, NH) 
Table 8 




Effect at Position 
Point 3-H 6-H CH 2 B(OH) 2 NH H20 
B(OH)2 	. 	5% 3% .-' 	 * 	5B(OH)2 
CH2 	4% ,-' ,- 4% 	10% 	4  3 	NHCOPh 
*saturation transfer effect from saturation of signal corresponding to boronic 
acid protons. 
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B (360MHz) ((CD3)2S0) 31.44(s, B-OH); m/z 238 (11%), 212(10), 167(20), 
149(100), 117(19), 105(97), 91(63), 85(20), 74(72), 58(83), 48(38), 42(67), 
30(36); Vm (nujol) 3350cm 1 (0-H), 3260cm -1 (N-H), 1610cm -1 (C=0). 
3 	Preparation of Amides as Nitrile Ylide Precursors 
3.1 	From N-Benzoyl-2-bromobenzylamine 
3.1.1 N-Benzoyl-2-phenylbenzylamine 
N-Benzoyl-2-bromobenzylamine 	(3g, 	1 0.3mmol) 	and 
tetrakis(triphenyphosphine) pal ladium (0) (0.36g, 0.3mmol) were added to 
DME (50m1) with stirring under dry nitrogen. After 20 mm, anhydrous sodium 
carbonate (1.09g, 10.3mmol) in water (15m1), and phenylboronic acid (1.51g, 
12.4mmol) were added and the mixture was then boiled under reflux. 
Monitoring by h.p.l.c. indicated complete consumption of starting material 
after 5 h. The DME was evaporated and the mixture was extracted with ethyl 
acetate. The organic layer was dried, and the solvent was evaporated to 
leave a brown solid. Dry flash chromatography (silica, ethyl acetate: hexane, 
1: 9) gave N-benzoyl-2-phenylbenzylamine as a white crystalline solid (2.54g, 
86%) m.p. 99-100 0C (from ethanol); 6H  (200MHz) 4.53(d, J 6Hz, 2H, CI-12), 
6.1Obr(s, 1H, NH), 7.25-7.80(m, 14H, Ar-H). 
3.1.2 N-Benzoyl-2-(2-thienyl)benzylamine 
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This was prepared using the method in 3.1.1 above, with N-benzoyl-2-
bromobenzylamine (4.38g, 1 5mmol), tetrakis(triphenylphosphjne)palladjum 
(0) (0.51g, 0.45mmol), DME (45m1), anhydrous sodium carbonate (1.599, 
15mmol) in water (20ml), and thiophene-2-boronjc acid (2.34g, 18mmol). 
After 2.5h, h.p.l.c. indicated complete consumption of starting material and 
the reaction was cooled to room temperature. The mixture was worked-up as 
in 3.1.1 which gave a brown oil. Dry hash chomatography (silica, ethyl 
acetate: petrol, 1: 4) gave N-benzoyl-2-(2-thienyl)benzylamine as a white 
solid (3.46g, 78%) m.p. 119-120 0C (from ethanol). (Found: m/z 293.0878. 
C18H15N0S requires 293.0874); 6H (80MHz) 4.71 (d, J 5.6Hz, CH2) 4.68(d, J 
5.9Hz, CH2), [combined integral 1xCH 2]; 5.36br(s, NH), 5.79br(s, NH), 
[combined integral 1xNH]; 7.04-7.75 (m, 12H, Ar-H). The 'H n.m.r. spectrum 
was also run in mixtures of deuteriochloroforn, and either deuterioacetone or 
deuteno-DMF. The integral of the ratio of the doublets at 64.71 and 64.68 
were measured, the results are shown in the table below. 
Table 6 
The Effect of Addition of Polar Solvents. 
Amount of polar Polar Solvent Temperature lntergral of 
Solvent Added (°C) Doublets 
(No. of drops) (64.68/64.71) 
1 (CD3)2C0 25 1: 2.81 
2 (CD3)2C0. 25 1: 2.57 
1 (CD3)2NCDQ 25 1: 2.09 
3 (CD3)2NCDO 25 1:1.45 
- 25 1:3.76 
- 59 only one 
doublet seen 
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m/z 275(67%), 274(100), 171(25); vm(flUjOl) 3320cm 1 (N-H), 1630cm 
(C=0). 
3.1.3 N-Benzoyl-2-(3-thienyl)benzylamine 
This was prepared using the method as in 3.1.1 above, with N-
benzoyl-2-bromobenzylamine (1.46g, 5mmol), 
tetrakis(triphenylphosphine)palladium(0) (0.17g, 0.1 5mmol), DME (20ml), 
anhydrous sodium carbonate (0.54g, 5.1mmol) in water (lOmI), and 
thiophene-3-boronic acid (0.78g, 5.5mmol). After 4.5h, h.p.l.c. indicated 
complete consumption of starting material and the reaction was cooled to 
room temperature. The reaction was worked-up as in 3.1.1 above, this gave 
a brown oil. Dry flash chromatography (silica, ethyl acetate: petrol, 1: 4) gave 
N-benzoyl-2-(3-thienyl)benzylamine as a white crystalline product (1.18g, 
80%) m.p. 125-1260C (from ethanol). (Found: m/z 293.0865. C18H15N0S 
requires 293.0874); 8H  (80MHz) 4.65(d, J 5.6Hz, 2H, CH2), 6.28br(s, 1H, 
NH), 7.41-7.82(m, 12H, Ar-H); m/z 293(55%), 188(25), 172(100), 171(60), 
122(55); vm  (nujol) 3275cm -1 (N-H), 1630cm 1 (C=0). 
3.1.4 N-Benzoyl-2-(3-furyl)benzylamine 
This was prepared using the method in 3.1.1 above, with N-benzoyl-2-
bromobenzylamine (0.64g, 2.2mmol), tetrakis(triphenylphosphine)palladium 
(0) (0.08g, 6.6xlO 5mol), DME (15m1), anhydrous sodium carbonate (0.23g, 
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2.2mmol) in water (4ml), and furan-3-boronic acid (0.30g, 2.7mmol). After 
2h, h.p.l.c. indicated complete consumption of starting material and the 
reaction was cooled to room temperature. The mixture was worked up as in 
3.1 .1 which gave a brown oil. Dry flash chromatography (silica, ethyl acetate: 
hexane, 1:9) gave N-benzoyl-2-(3-furyl)benzylamine as yellow crystals 
(0.47g, 77%) m.p. 80-81 0C (from ether! hexane). (Found: m!z (FAB, 
glycerol) 279.12591. C181-115NO2 requires 279.12592); 8H  (200MHz) 4.63(d, J 
5.51-1z, 2H, OHO, 6.53(dd, J 1.8Hz, J 0.91-1z, 1H, 4'-H), 6.95br(s, 1H, NH), 
7.23-7.49(m, 9H, Ar-H), 7.61-7.75(m, 2H, Ar-H); m/z (FAB, glycerol) 
279(M+1, 48%), 278(100), 157(92), 129(50), 105(98); vmax  (nujol) 3250cm 
l(N-H), 1635cm -1 (C=0). 
3.1.5 N-Benzoyl-2-(3-pyridyl)benzylamine 
(1) 	This was prepared by the method of Terashima 91 . 	Diethyl-(3- 
pyridyl)borane (0.10g, 0.68mmol), N-benzoyl-2-bromobenzylamine (0.30g, 
1 .Ommol), tetra- n-butylam moniu m bromide (0.11 g, 0.34mmol), 
tetrakis(triphenylphosphine) pal ladium(0) (0.04g, 3.4x1 O 5mol), and potassium 
hydroxide (0.1 5g, 2.7mmol) were heated to reflux under dry nitrogen, in THF 
(5ml). After 7.5h, h.p.l.c. indicated consumption of starting material had 
ceased and the reaction was cooled to room temperature. The crude product 
was diluted with ethyl acetate (lOml), and washed with brine (2x5ml). The 
organic layer was dried and evaporated to give a brown oil. Dry flash 
chromatography (silica, ethyl acetate: petrol, 1: 4) gave a mixture of N-
benzoyl-2-bromobenzy lam i ne : N-benzoyl-2-(3-pyridyl)benzylami ne, of 1: 4 
(0.07g, 36%). 
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(2) 	N-Benzoyl-2-bromobenzylamine 	(5.76g, 	0.02mol) 	and 
tetrakis(triphenylphosphine)palladium(0) (0.69g, 0.6mmol) were added to 
DME (60m1) with stirring, under dry nitrogen. After 20 mm, anhydrous sodium 
carbonate (2.12g, 0.02mol) in water (20ml), and di ethyl- (3-pyridyl)borne 
(3.53g, 24mmol) were added and the mixture was boiled under reflux. 
Monitoring by h.p.l.c. indicated complete consumption of starting material 
after 5h. The DME was then evaporated and the mixture was extracted with 
ethyl acetate. The organic layer was dried, and the solvent was evaporated 
to leave a brown solid. Dry flash chromatography (silica, ethyl acetate: petrol, 
1: 9 to 9: 1) gave N-benzoyl-2-(3-pyridyl)benzylamine as white plates (4.28g, 
74%) m.p. 116-118 0C (from ethanol). (Found: m/.z 288.1263. C19H16N20 
requires 288.1263); 8H  (200MHz) 4.54(d, J 5.6Hz, 2H, CI-12), 6.74br(s, 1H, 
NH), 7.16-7.71(m, 11H, Ar-H), 8.48-8.53(m, 2H, Ar-H); m/z 183(18%), 
168(48), 166(51), 105(57), 77(100), 69(24); Vm 	(nujol) 3375cm 1 (N-H), 
1630cm-1 (C=0). 
3.2 From Aminomethyl-phenyithiophenes 
3.2.1 N-Benzoyl-2-aminomethyl-3-phenylthiophene 
2-Aminomethyl-3-phenylthiophene (2.8g, 14.8mmol), and anhydrous 
sodium carbonate (3.14g, 0.03mol) were added to DCM (50ml) and stirred at 
room temperature under nitrogen. After 10 min,benzoyl chloride (1..83m1, 
15.8mmol) was added dropwise and the mixture was stirred at room 
temperature for 1 h, then boiled at reflux for 30 mm. DCM (20m1) and water 
(20ml) were added, the organic layer was separated, then dried and the 
solvent was evaporated to leave a brown oil. Dry flash chromatography 
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(silica, ethyl acetate: petrol, 1: 3) gave N-benzoyl-2-aminomethyl-3- 
phenyithiophene as a white solid (3.63g, 88%) m.p. 117-118°C (from ethanol! 
cyclohexane). (Found: C, 73.4; H, 5.2; N, 4.5%. C181-1151NI0S requires C, 73.7; 
H, 5.2; N, 4.8%); (Found: m/z 293.0877. C18H15N0S requires 293.0874); 8H 
(200MHz) 4.82(d, J 5.41-1z, 2H, CI-12), 6.67br(s, 1H, NH), 7.06(d, J 5.21-1z, 1H, 
4-H), 7.25(d, J 5.2Hz, 1H, 5-H), 7.28-7.51(m, 8H, Ar-H), 7.68-7.74(m, 2H, Ar- 
H); m/z 294(21%), 293(100), 172(20), 69(97); Vmax  (nujol) 3290cm 1 (NH), 
1635cm -1 (C=0). 
3.2.2 N-Benzoyl-3-aminomethyl-2-phenylthiophene 
(1) 	This was prepared using the method as in 3.1.1 above, with N- 
benzoyl-3-aminomethyl-2-bro moth iophene (90mg, 0.3mmol), 
tetrakis(triphenylphosphine) pal ladium (0) (10mg, lxi 0 5mo1), DME (8m1), 
anhydrous sodium carbonate (30mg, 0.3mmol) in water (imI), and 
phenylboronic acid (50mg, 0.3mmol). After 30 mm, h.p.l.c. indicated complete 
consumption of starting material and the reaction was cooled to room 
temperature. The mixture was worked up as in 3.1.1 above, this gave a 
brown solid. Dry flash chromatography (silica, ethyl acetate: petrol, 1: 4) 
gave N-benzoyl-3-aminomethyl-2-phenylthiophene as white needles (75mg, 
83%) m.p. 111-112°C (from ethanol). (Found: C, 73.4; H, 5.2; N, 4.7%. 
C181-115N0S requires C, 73.7; H, 5.2; N, 4.8%); (Found: m!z 293.0865. 
C181-115N0S requires 293.0874); oH  (200MHz) 4.65(d, J 5.4Hz, 2H, CI-12), 
6.59br(s, 1H, NH), 7.10(d, J 5.2Hz, 1H, 4-H), 7.24 (d, J 5.2Hz, 1H, 5-H), 7.28- 
7.49(m, 8H, Ar-H), 7.66-7.72(m, 2H, Ar-H); m/z 293(69%), 105(1 00), 77(31); 
vmax 3355cm -1 (N-H), 1645cm -1 (C=0). 
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(2) 	3-Aminomethyl-2-phenylthiophene (0.84g, 4.4mmol) and anhydrous 
sodium carbonate (0.94g, 8.8mmol) were added to DCM (20ml) and stirred at 
room temperature under dry nitrogen. After 10 mm, benzoyl chloride (1.36g, 
9.7mmol) was added dropwise, and the mixture stirred at room temperature 
for lh, then boiled at reflux for 30 mm. DCM (lOml) and water (lOml) were 
added, the organic layer was then separated, dried and the solvent 
evaporated to leave a brown solid. Dry flash chromatography (silica, ether: 
petrol, 1: 4) gave white needles of N-benzoyl-3-aminomethyl-2-
phenyithiophene (0.79g, 61 %) m.p. 111-112°C (from ethanol! hexane). 
3.3 From 2-N-Benzoylaminomethylphenylboronic Acid 
3.3.1 N-Benzoyl-2-phenylbenzylamine 
Using the method as in 3.1.1, the reaction was with bromobenzene 
(61 mg, 0.4mmol) and 2-N-benzoylaminomethylphenylboronic acid (120mg, 
0.5mmol). After 4h reflux and the usual work up as in 3.1.1, the solid was 
subjected to dry flash chromatography (silica, ethyl acetate: hexane 1: 9) 
which gave N-benzoyl-2-phenylbenzylamine as a white crystalline solid 
(0.1Og, 91%) m.p. 98.5-99.5 0C (from ethanol); 5H  (60MHz) 4.60(d, J 6Hz, 2H, 
CH2), 6.50br(s, 1H, NH), 7.17-7.87(m, 14H, Ar-H). 
3.3.2 N-Benzoyl-2-(3-furyl)benzylamine 
Using the method as in 3.1.1, the reaction was with 3-bromofuran 
(0.40g, 2.7mmol), and 2-N-benzoylaminomethylphenylboronic acid (0.709, 
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2.7mmol). After 2h reflux and the usual work up as in 3.1.1, the solid was 
subjected to dry flash chromatography (silica, ethyl acetate:hexane, 1: 9) 
which gave N-benzoyl-2-(3-furyl)benzylamine as a yellow crystalline solid 
(0.64g, 85%) m.p. 80-81 0C (from ether! hexane); 5H  (60MHZ) 4.67(d, J 
5.51-1z, 2H,CH2), 6.60(m, 1H, 4'-H), 7.00-7.90(m, 12H, Ar-H + N-H). 
3.3.3 N-Benzoyl-2-(4-pyndyl)benzylamine 
Using the method as in 3.1.1, the reaction was with 4-bromopyndine 
[obtained in situ from 4-bromopyridine hydrochloride, with an extra 1 mol 
equiv. of anhydrous sodium carbonate] (0.21g, 1.3mmol) and 2-N-
benzoylaminomethylphenylboronic acid (0.39g, 1 .5mmol). After 1 h reflux and 
the usual work up as in 3.1.1, the solid was subjected to dry flash 
chromatography (silica, ethylacetate: hexane, 3: 2) which gave N-benzoyl-2-
(4-pyridyl)benzylamine as a white crystalline solid (0.27g, 73%) m.p. 130-
131°C (from ethanol). (Found: m!z 288.1260. C191-116N20 requires 
288 . 1263);H (200MHz) 4.54(d, J 5.6Hz, 2H, CI-12), 6.80br(s, 1H, NH), 7.18- 
7.50(m, 9H, Ar-H), 7.64-7.71(m, 2H, Ar-H), 8.56br(s, 2H, Ar-H); m/z 
287(16%), 183(20), 167(1 00), 105(31), 77(38), 69(48); vm  (nujol) 3375cm 
1 (N-H), 1 630cm 1 (C=0). 
3.3.4 N-Benzoyl-2-(2-pyndyl)benzylamine 
Using the method as in 3.1-1, the reaction was with 2-bromopyndine 
(0.44g, 2.7mmol), and 2-N-benzoylaminomethylphenylboronic acid (0.70g, 
2.7mmol). After 3 h reflux and the usual work up as in 3.1.1, the solid was 
subjected to dry flash chromatography (silica, ethyl acetate: hexane, 1: 4) 
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which gave N-benzoyl-2-(2-pyridyl)benzylami ne as small crystals (0.63g, 
81%) m.p. 104-1060C (from ethyl acetate/hexane). (Found: m/z 288.1255. 
C19H16N20 requires 288.1263); 6H  (200MHz) 4.55(d, J 6.1Hz, 2H, CI-12), 
7.25-7.89(rn, 12H, Ar-H+ N-H), 8.64-8.71(m, 2H, Ar-H). A COSY PHDQ.AU  
experiment was also ran the following parameters were used: (360MHz) S12 
= 1024, SIl = 512; SW2 = 3205.128, SW1 = SW2/2 = 1602.564; recycle 
delay (DI)=3sec, DO=3j.tsec, D3=3.tsec; incremented delay (IN) = 156isec; 
P1=900 pulse, 7.Oj.tsec; No of FID's (NE) = 256; No. of scans (NS) = 128: see 
discussion for spectrum. A COSY.AU  experiment was also required for 
clarification of the protons on the pyridyl ring, the following parameters were 
used: (360MHz) S12 = 1024, Sll = 512; SW2 = 720.461, SW1 = SW2/2 = 
360.231; recycle delay (Dl) = 2sec, DO = 3i.tsec; incremented delay (IN) = 
1.388msec; P1 = 900 pulse, 7.0psec; P2 = 600 pulse, 4.2p.sec; No. of FID's 
(NE) = 222; No. of scans (NS) = 8: see discussion for spectrum. 8C (90MHz) 
((CD3)2NCDO) 41.0(quat) 121.8(0-H), 123.8(5-H, pyndyl), 126.6(3-H, 
pyridyl), 126.7(0-H), 127.9(0-H), 128.0(0-H), 128.2(0-H), 129.4(0-H), 
130.7(C-H), 1 34.5(quat), 136.6(4-H, pyridyl), 1 37.2(quat), 1 39.4(quat), 
148.5(6-H, pyridyl), 158.8(2-H, pyridyl), 161.3(0-H), 161.6(0-H), 161.8(0-H), 
161.9(C-H), 165.7(quat); m/z 289(69%), 183(20), 167(100), 105(19); vmax  
(nujol) 3320cm -1 (N-H), 1645cm -1 (0=0). 
The hydrochloride salt was prepared by passing hydrogen chloride gas 
through an ether solution of the amide. A COSYPHDQ.AU  experiment was 
ran the following parameters were used: (360MHz) S12 = 1024, SIl = 512; 
SW2 = 3205.1 28, SWI = SW2/2 = 1602.564; recycle delay (DI) = 3sec, DO = 
3sec, D3 = 3tsec; incremented delay (IN) = 156p.sec; P1 = 90 0 pulse, 
6.8p.sec; No. of FID's (NE) = 256; No. of scans (N/S) = 48 : see discussion for 
spectrum. 8 (90MHz) ((CD3)2NODO) 40.3(CH2), 124.4(0-H), 126.9(0-H), 
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127.8(0-H), 129.1(0-H), 129.9(0-H), 129.9(0-H), 130.8(0-H), 133.3(quat), 
1 33.8(quat), 1 37.9(quat), 143.1(0-H), 143.4(0-H), 1 54.0(quat), 161.8(0-H), 
1 66.O(quat). 
3.3.5 N-Benzoyl-2-(2-pynmidyl)benzylamine 
Using the method as in 3.1.1, the reaction was with 2-bromopyrimidine 
(1.86g, 11 .7mmol) and 2-N-benzoylaminomethylphenylboronic acid (3g, 
11 .7mmol). After 90 min ref lux and the usual work up as in 3.1.1, the white 
solid was crystallised which gave N-benzoyl-2-(2-pyrim idyl) benzylamine 
(2.81g, 83%) m.p. 124.5-126.50C (from ethanol! hexane). (Found: C, 74.2; 
H, 5.0; N, 14.7%. C181-115N30 requires 0, 74.7; H, 5.2; N, 14.5%); (Found: 
m/z 289.1214. 0181-115N30 requires 289.1215); 8H  (200MHz) 4.71(d, J 6.3Hz, 
2H, CI-12), 7.24-7:49(m, 6H, Ar-H), 7.62-7.69(m, 1H, Ar-H), 7.77-7.83(m, 2H, 
Ar-H), 8.01-8.09(m, 1H, Ar-H), 8.26br(s, 1H, NH), 8.86(d, J 4.9Hz, 2HZCH ); 
m/z 289(45%), 184(18), 168(100), 131(17), 119(23), 69(67); vmax  (nujol) 
3230cm 1 (N-H), 1625cm -1 (C=0). 
3.3.6 N-Benzoyl-2-(5-pynmidyl)benzylamine 
Using the method as in 3.1.1, the reaction was with 5-bromopyrimidmne 
(1.24g, 7.8mmol) and 2-N-benzoylaminomethylphenylboronic acid (2g, 
7.8mmol). After 90min reflux and the usual work up as in 3.1.1, the white 
solid was crystallised which gave N-benzoyl-2-(5-pyrim idyl) benzylamine 
(1.82g 81%) m.p. 150-151 0C. (Found: m/z 289.1212. C181-115N30 requires 
289.1215); 5H  (200MHz) 4.48(d, J 5.7Hz, 2H, CI-12), 6.89br(s, 1H, NH), 7.14- 
7.51(m, 7H, Ar-H), 7.63-7.70(m, 2H, Ar-H), 8.66(s, 2H, 4'-H + 6'-H), 9.11(s, 
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1H, 2'-H); m/z 288(5%), 168(100), 157(17), 131(21), 119(20), 105(36), 
77(44), 69(59); v m  (nujol) 3350cm -1 (N-H), 1635cm 1 (C=0). 
4 	Preparation of Azepines via Nitrite Ylide Cyclisation 
4.1 	4-Phenyl-[2,3-e]th leno- 6H-benz[c]azepine 
N-Benzoyl-2-(2-thienyl)benzylamine (0.50g, 1 .7mmol), dry ether (30ml) 
and thionyl chloride (lOmI, 0.14mol) were heated at reflux, overnight, under 
a dry nitrogen atmosphere. The solvent was evaporated and the residue 
dried under high vacuum for 3h. Dry THF (25m1) was added, and the mixture 
cooled 0°C. Solid potassium tert-butoxide (0.38g, 3.4mmol) was added in 
one portion with rapid stirring under dry nitrogen. The mixture was stirred for 
30 min at COG,  allowed to warm to room temperature and stirred for 30 mm. 
The solution was acidified with aqueous ammonium chloride (25% w/v) and 
stirred for a further 10 mm. DCM (20m1) was added, the organic layer 
separated, and the aqueous layer extracted with 0CM (2xlOml). The 
combined organic layer was dried, and the solvent was evaporated. Dry flash 
chromatography of the residual oil (silica, ethyl acetate: petrol, 1: 9) followed 
by Kugelrohr distillation gave 4-phenyl-[2,3-e]thieno-6H-benz[c]azepine as a 
brown oil (0.32g, 68%) b.p. 185-1900C at 0.3mmHg. (Found: m/z 275.0775. 
C181-1 1 3NS requires 275.0769). 1 H n.m.r., and mass spectra data: see 
appendix 1. 
The picrate derivative was prepared for microanalysis. Picric acid 
(1.17g, 5.1mmol) was washed with ethanol (3x3ml), then dried on filter paper 
and added to acetone (4m I). 4-Phenyl-[2 ,3-e]thieno-6H-benz[c]azepmne 
(0.25g, 0.9mmol) was added to acetone (2m1) and this solution was added to 
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the picric acid. After 30 min stirring at room temperature the product was 
filtered off to give yellow needles (0.40g, 88%) m.p. 237-238 0C. (Found: C, 
57.1; H, 3.2; N, 11.2%. C241-116N407S requires C, 57.1; H, 3.2; N, 11.1%); oH 
(80MHz) 4.83br(s, 2H, CI-12), 7.16-7.84(m, 9H, Ar-H), 8.87(s, 2H, picrate). 
4.2 4-Phenyl-[3,2-e]thieno-6H-benz[c]azepine 
The imidoyl chloride was prepared as in 4.1, using N-benzoyl-2-(3-
thienyl)benzylamine (0.75g, 2.6mmol), dry ether (40m1), and thionyl chloride 
(15ml, 0.20mol). After drying, the imidoyl chloride was dissolved in dry THE 
(25ml), and cooled to 0°C under a dry nitrogen atmosphere. Solid potassium 
tert-butoxide (0.54g, 5.1mmol) was added in one portion with rapid stirring. 
The mixture was stirred at 0°C for 30 mm, allowed to warm to room 
temperature and stirred for a further 30 mm. After work up as in 4.1, the 
product was subjected to dry flash chromatography (silica, ethyl acetate: 
petrol, 1:19) followed by Kugelrohr distillation gave 4-phenyl-[3,2-e]thieno-
6H-benz[c]azepine as a brown oil (0.46g, 65%) b.p. 190-195 0C at 0.4mmHg. 
(Found: m/z 275.0771. C18H13NS requires 275.0769). 1 H n.m.r., and mass 
spectra data: see appendix 1. 
The picrate derivative was prepared for microanalysis. Picric acid 
(0.26g, 1.1 mmol) was washed with ethanol (3x1 ml), then dried on filter paper 
and added to acetone (2ml). 4-Phenyl-[3 ,2-e]thieno-6H-benz[c]azepine 
(0.22g, 0.8mmol) was added to acetone (1 ml) and this solution was added to 
the picric acid. After 18h stirring at room temperature the product was filtered 
off to give yellow needles (0.37g, 92%)m.p. 235-236 0C. (Found : C, 56.9; H, 
3.15; N, 11.1%. C24H16N4075 requires C, 57.1; H, 3.2; N, 11.1%); 8H 
(200MHz) 4.80br(s, 2H, CH2), 7.24-8.14(m, 11H, Ar-H), 8.80(s, 2H, picrate). 
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4.3 	6-Phenyl-[3,2-e]thieno-414-benz[c]azepine 
N-Benzoyl-2-aminomethyl-3-phenylthiophene (1.50g, 5.1 mmol) was 
added with stirring to dry DMF (6.14g, 0.08mol) under a dry nitrogen 
atmosphere. Thionyl chloride (0.46m1, 6.3mmol) was added dropwise to the 
mixture, then stirred for 30 mm. The solvent was removed under high 
vacuum at 30-35 0C for 3h. Dry THF (60m1) was added and the mixture 
cooled to 000  under dry nitrogen. Solid potassium tert-butoxide (3.24g, 
0.03mol) was added in one portion and the mixture was stirred for 30 min at 
0°C, then 30 min at room temperature. The solution was acidified with 
aqueous ammonium chloride (25% w/v) and stirred for a further 10 mm. 
DCM (30ml) was added, the organic layer separated and the aqueous layer 
extracted with DOM (2x1 OmI). The combined organic layer was dried and 
solvent was evaporated. Dry flash chromatography of the residual oil (silica, 
ether: petrol, 1: 9) followed by crystallisation gave fawn crystals of 6-phenyl-
[3,2-e]thienb-4H-benz[c]azepine (0.97g, 69%) m.p. 106-108 0C (from 
hexane). (Found: C, 78.6; H, 4.7; N, 4.9%. C18H13NS requires C, 78.5; H, 
4.8; N, 5.1%): (Found: m/z 275.0773. C18H13NS requires 275.0769). 1 H 
n.m.r. and mass spectra data: see appendix 1. 
4.4 6-Phenyl-[2,3-e]thieno-4H-benz[c]azepine 
This imidoyl chloride was prepared as in 4.3, using N-benzoyl-3-
aminomethyl-2-phenylthiophene (0.50g, 1 .7mmol), dry DMF (2ml) and thionyl 
chloride (0.25g, 2.1 mmol). After drying, the imidoyl chloride was dissolved in 
dry THF (25m1), and cooled to 0°C under a dry nitrogen atmosphere. Solid 
161 
potassium tert-butoxide (0.45g, 4.1mmol), was added in one portion, with 
rapid stirring. The mixture was stirred at OOC  for 30 mm, allowed to warm to 
room temperature and stirred for a further 30 mm. After the work up as in 
4.3, the product was subjected to dry flash chromatography (silica, ether: 
petrol, 1: 4) followed by Kugelrohr distillation gave 6-phenyl-[2,3-ethieno-4H-
benz[c]azepine as a brown oil (0.35g, 74%) b.p. 175-180 0C at 0.3mmHg. 
(Found: m/z (FAB, glycerol) 276.08471. C18H13NS requires 276.08469). 1 H 
n.m.r. and mass spectra date: see appendix 1. 
4.5 	4-Phenyl-[3,2-e]furo-61-1-benz[c]azepine 
This was made using method in 4.3, using N-benzoyl-2-(3- 
furyl)benzylamine (100mg, 0.36mmol), dry DMF (2ml), and thionyl chloride 
(60mg, 0.54mmol). After stirring overnight at room temperature, the solvent 
was removed under high vacuum at 30-350C for 3h. DCM (lOmI) and water 
(lOmI) were added to the mixture, the organic layer was separated, and the 
aqueous layer was extracted with DCM (2x5m1). The combined organic layer 
was dried and the solvent was evaporated. Kugelrohr distillation gave 4-
phenyl-[3,2-e]furo-6H-benz[c]azepmne as a brown oil (73mg, 78%) b.p. 170- 
175°C at 0.3mmHg. (Found: m/z (FAB, glycerol) 260.10752. C181-113N0 
requires 260.10753). 1 H n.m.r. and mass spectra data: see appendix 1. 
This azepine was also made using method in 4.1, with N-benzoyl-2-(3- 
furyl)benzylamine (50mg, 0.18mmol), dry ether (5m1) and thionyl chloride 
(1.71g, 14.4mmol). After an overnight reflux, the solvent was evaporated and 
the residue dried under high vacuum for 3h. DCM (lOmI) and water (lOmI) 
were added, the organic layer was separated and the aqueous layer was 
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extracted with DCM (2x5m1). The combined organic layer was dried and the 
solvent was evaporated. Kugelrohr distillation gave 4-phenyl-[3,2-3]furo-6H- 
benz[c]azepine as a brown oil (39mg, 83%) b.p. 165-175 0C at 0.3mmHg. 
(Found: m/z (FAB, glycerol) 260.10752. C18H13N0 requires 260.10753). 1 H 
n.m.r. and mass spectra data: see appendix 1 
4.6 	5-Phenyl-[3,4-e]pyrido- 7/4-benz[c]azepine and 
5-phenyl-[3,2-e]pyrido- 7/4-benz[c]azepine as a mixture. 
The imidoyl chloride was prepared as in 4.3, using N-benzoyl-2-(3-
pyridyl)benzylamine (0.50g, 1.7mmol), dry DMF (2ml) and thionyl chloride 
(0.40g, 3.4mmol). After stirring overnight at room temperature the solvent 
was removed under high vacuum at 30-350C for 3h. The imidoyl chloride 
was dissolved in THF (lOmi), and cooled to 0°C under a dry nitrogen 
atmosphere. Solid potassium tert-butoxide (1.10g, lOmmol), was added in 
one portion, with rapid stirring. The mixture was stirred at 0°C for 30 mm, 
allowed to warm to room temperature and stirred for a further 30 mm. After 
the work up as in 4.3, the products were subjected to dry flash 
chromatography (silica, ether: petrol, 1: 4) followed by Kugelrohr distillation 
gave both azepines as a mixture in the ratio of 1: 1.36 (0.28g, 61%) b.p. 205- 
21 00C at 0.lmmHg. (Found: m/z 270.1154. C 19H 14N2 requires 270.1157). 
n.m.r. and mass spectra data: see appendix 1. 
4.7 5-Phenyl-[4,3-e]pyrido- 71-benz[c]azepine 
The imidoyl chloride was prepared as in 4.3, using N-benzoyl-2-(4- 
pyridyl)benzylamine (1 .00g, 3.5mmol), dry DMF (lOmi) and thionyl chloride 
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(3.90g, 0.04mol). After stirring overnight at room temperature the solvent 
was removed under high vacuum at 30-35 0C for 3h. The imidoyl chloride 
was dissolved in THE (40ml), and cooled to 0°C, under a dry nitrogen 
atmosphere. Solid potassium tert-butoxide (2.20g, 0.02mol), was added in 
one portion with rapid stirring. The mixture was stirred for 30 min at 000, 
allowed to warm to room temperature and stirred for a further 30 mm. After 
the work-up as in 4.3 the product was subjected to dry flash chromatography 
(silica, ethyl acetate: petrol, 2: 3) which gave 5-phenyl-[4,3-e]pyrido-7H-
benz[c]azepine as a brown oil (0.77g, 81%). (Found: m/z 270.1155. 
C 1 9H14N2 requires 270.1157). 1 H n.m.r. and mass spectra data: see 
appendix 1. 
4.8 	5-Phenyl-[2,3-e]pyrido- 7H-benz[c]azepi ne 
4.8.1 Synthesis of 5-Phenyl-[2,3-e]pyrido- 7H-benz[c]azepine 
The imidoyl chloride was prepared as in 4.3, using N-benzoyl-2-(2-
pyridyl)benzylamine (0.25g, 0.87mmol), dry DMF (3ml), and thionyl chloride 
(0.15g, 1.3mmol). After stirring overnight at room temperature the solvent 
was removed under high vacuum at 30-350C for 3h. The imidoyl 
chloride was dissolved in THF (1 5ml), and cooled to 0°C under a dry nitrogen 
atmosphere. Solid potassium tert-butoxide (0.44g, 3.9mmol) was added in 
one portion with rapid stirring. The mixture was stirred for 30 min at 0°C, 
allowed to warm to room temperature and stirred for another 30 mm. After 
the work up as in 4.3, the product was subjected to dry flash chromatography 
(silica, ethyl acetate: hexane, 1: 4) which gave 5-phenyl-[2,3-e]pyrido-7H-
benz[c]azepine as an off-white solid (0.09g, 38%). (Found: m/z 270.1143. 
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C19H14N2 requires 270.1157). 1 H n.m.r. and mass spectra data: see 
appendix 1. 
Duplicate reactions were not successful, therefore, the above 
procedure was repeated using various ratios of the amide (187) to N,N- 
dimethylformidinium chloride (1: 1.1, 	1:1.3, 1: 	5.0, 	1: 	5.6, 1:11.2). The 
azepine (275) was isolated only in the fourth case in a yield of 56%. 
4.8.2 Attempted Synthesis of 5-Phenyl-[4,3-e]pyrido- 7H-benz[c]azepine 
Using Carbon Tetrachloride/ Triphenyiphosphine as the Chlorinating Agent. 
4.8.2.1 Control experiment using N-benzoyl-2-phenylbenzylamine 
This was carried out by the method of Appel and co-workers 102 , using 
N-benzoyl-2-phenylbenzylamine (0.5g, 1 .7mmol), tnphenylphosphine (0.54g, 
2.1mmol), and carbon tetrachloride (0.26g, 1.7mmol), in acetonitrile (5m1). 
This gave a 50% conversion into N-(2-phenylbenzyl)benzimidoyl chloride, 
after 6h at room temperature. A further addition of triphenyiphosphine 
(0.54g, 2.1mmol), and carbon tetrachloride (0.26g, 1.7mmol), was added and 
after 1 h this gave complete conversion. 
Variation of the reaction conditions gave the following results: 
(a) 	N-benzoyl-2-phenylbenzylamine (0.59, 1 .7mmol), triphenyiphosphine 
(0.79g, 3.Ommol) and carbon tetrachloride (0.40g, 2.6mmol), after 3h gave a 
83% conversion. 
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(b) N-benzoyl-2-phenylbenzylamine (0.50g, 1 .7mmol), triphenylphosphine 
(0.89g, 3.4mmol), and carbon tetrachloride (0.46g, 3.Ommol) after 7h gave a 
54% conversion. 
4.8.2.2Using N-benzoyl-2-(2-pyridyl)benzylamine 
This attempt was made using the method in 4.8.2.1 (2), with N-
benzoyl-2-(2-pyridyl)benzylamine (0.5g, 1 .7mmol), triphenyiphosphine 
(0.80g, 3.Ommol), and carbon tetrachloride (0.40g, 2.6mmol) in acetonitrile 
(5ml). The conversion proved difficult to monitor by n.m.r., therefore, there 
was a further addition after 2h of triphenylphosphine (0.40g, 1.4mmol) and 
carbon tetrachloride (0.20g, 1.3mmol) to ensure complete conversion to the 
imidoyl chloride. The solvent was removed under high vacuum at 30-35 0C 
for 3h. The mixture was dissolved in THE (lOmi) under a dry nitrogen 
atmosphere, then potassium tert-butoxide (0.90g, 8.5mmol) was added with 
rapid stirring. The mixture was stirred for 30 min at 0°C, allowed to warm to 
room temperature and stirred for a further 30 mm. After the work-up as in 
4.3, the brown oil was subjected to dry flash chromatography (silica, ethyl 
acetate: hexane, 1: 9) which gave no product, however, this reaction did give 
triphenylphosphine oxide. 
4.8.3 N.m.r. Study of the Reactions of N-Benzoyl-2-(2-pyndyl)benzylamine 
4.8.3.1 Control experiment with N-benzoyl-2-phenylbenzylamine 
Thionyl chloride (36mg, 0.3mmol) was added by syringe to DME-d7 
(0.25m1) contained in a glass vial fitted with a Suba-seal closure. After 5 mm, 
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the solution was added by syringe to a solution of N-benzoyl-2- 
phenylbenzylamine (50mg, 0.2mmol), in DMF-d7 (0.40m1), which was 
contained in an n.m.r. tube equipped with a septum cap. The resultant 
mixture was examined by 1 H n.m.r. over 12h. The first spectrum was 
obtained after 15 mm, the last after 12h: see discussion for spectra. 
4.8.3.2Control experiment N-benzoyl-2-(4-pyridyl)benzylamine 
A similar experiment was carried out using N-benzoyl-2-(4- 
pyridyl)benzylamine (50mg, 0.2mmol) in DMF-d7 (0.40m1) and thionyl chloride 
(36mg, 0.3mmol) in DMF-d7 (0.25m1). The resultant mixture was examined 
by 1 H n.m.r., the first spectrum was obtained after 15mm, the last spectrum 
was obtained after 16h: see discussion for spectra. 
4.8.3.3N-benzoyl-2-(2-pyridyl)benzylamine 
(I) 	A similar experiment was carried out using N-benzoyl-2-(2- 
pyridyl)benzylamine (50mg, 0.2mmol) in DMF-d7 (0.40ml) and thionyl chloride 
(36mg, 0.3mmol) in DMF-d7 (0.25m1). The resultant mixture was examined 
by 1 H n.m.r., the first spectrum was obtained after 15 mm, the last was 
obtained after 22h: see discussion for spectra. A COSY PHDQ. AU  
experiment was also run, the following parameters were used: (360MHz) S12 
= 1024, SIl = 512; SW2 = 1098.901, SW1 = SW2/2 = 549.451; recycle delay 
(Dl) = 3sec, DO = 3sec, D3 = 3jisec; incremented delay (IN) = 455tsec; P1 
= 900 pulse, 8sec; No. of FID's (NE) = 256; No. of scans (NS) = 48: see 
discussion for spectrum. An n.O.e. experiment was carried out see Table 13 
for results. 
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Irradiation of the doublet at 6 4.73 was carried out in an attempt to 
observe a saturation transfer effect on the doublet at 6 4.91, however, this 
experiment resulted only in an n.O.e. of 14%. This sample was also warmed, 
and at 800C the compound degraded and no coalescence was observed; 8H 
(200MHz) ((0D3)2NCDO) 4.63(s, CI-12), 5.51(s, OH2) [combined integral 1 x 
CH2]; 7.32-9.00 (m, 20H, Ar-H). 
This experiment was repeated and the product from the reaction was 
divided into two equal amounts. These samples were used for part (II) and 
(III). 
(H) 	This sample was added to a solution of sodium carbonate (2M, lOmI) 
and DCM (1 OmI) then stirred for 10 min at room temperature. The organic 
layer was separated, dried, and the solvent evaporated. 1 H n.m.r. showed 
that the product contained only N-benzoyl-2-(2-pyridyl)benzylamine. 
To the second sample solid potassium tert-butoxide (0.11 g, 1 .Ommol) 
was added at 000  under a dry nitrogen atmosphere. The solution was stirred 
for 30 min at 0°C, then warmed to room temperature and stirred for a further 
30 mm. Ammonium chloride (2M, lOmi) and DCM (lOmI) were added and 
the solution stirred for a further 10 mm. The organic layer was separated, 
dried, and the solvent evaporated. This gave back 1 H n.m.r. N-benzoyl-2-(2-
pyndyl)benzylamine exclusively. 
6-Aza-4a-azonia-7H-dibenzocycloheptene was prepared as in (I) 
above, to this was added a solution of potassium bis(trimethysilyl)amide 
(80mg, 0.4rnmol) in DMF-d7 (0.15m1). The reaction was monitored by 'H 
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n.m.r. and no change was observed in any of the peaks from the original 
spectrum recorded in (I) above. 
II 	Attemped Synthesis of Fused Azepines via Tandem 
Cycloaddition/ Electrocyclisation of 1,3-Dipoles. 
1. 	Development of Synthetic Routes to 
N-Benzoyl-4-aminomethyl-3-ethoxycarbonyl-5-phenylisoxazole 
via Nitrile Oxide Cycloaddition to 3-Amido-1 -phenyl pro p-1-yne. 
1.1 	Propargyl Phthalimide. 
This was made by the method of Gaudemar118 with propargyl bromide 
and potassium phthalimide in ethanol. This gave propargyl phthalimide as a 
white crystalline solid (70%) m.p. 145-1470C (from ethyl acetate) (lit. 118 , 146- 
147°C); oH  (200MHz) ((CD3)S0) 3.32(t, J 0.31-1z, 1H, CH), 4.42(d, J 0.31-1z, 
2H, CI-12), 7.87-8.03(m, 4H, Ar-H). 
1.2 	1-Phenyl-3-phthalimidoprop-1-yne 
This was made using the method of Barrett and Mul1 119 , with 
iodobenzene (6.75g, 0.033mo1), propargyl phthalimide (6.74g, 0.036mo1), 
cuprous iodide (0.13g, 0.66mmol), and bis(tnphenylphosphine)palladium (II) 
chloride (0.46g, 0.66mmol) in DME (50m1), and dry diethylamine (30m1). This 
gave 1 -phenyl-3-phthalimidoprop-1-yne as white needles (6.17g, 71%), m.p. 
148-1490C (from ethanol); 5H  (200MHz) ((CD3)2S0) 4.66(s, 2H, CI-12), 7.35-
7.50(m, 5H, phenyl), 7.87-7.99(m, 4H, phthalimide). 
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1.3 3-Eth oxycarbonyl-5-phenyl-4-phthali midomethylisoxazole 
1 -Phenyl-3-phthalimidoprop-1 -yne 	(2g, 	7.6mmol) 	and 
ethylchiorooximidoacetate (1.16g, 7.6mmol) were boiled under reflux in p- 
xylene 	(20ml) under nitrogen atmosphere for 29h. 	The solvent was 
evaporated to leave a brown oil. 	Dry flash chromatography (silica, ethyl 
acetate: hexane, 1: 4) gave box-shaped crystals of 3-ethoxycarbonyl-5-
phenyl-4-phthalimidomethylisoxazole (1.08g, 38%) m.p. 92-95 0C (from 
ethanol). (Found : C, 66.9; H, 4.3; N, 7.3%. C21 1-1 16N205 requires C, 67.0; H, 
4.3; N, 7.4%); (Found: m/z 376.1041. C21H16N205 requires 376.1059); 8H 
(200MHz) 1.41(t, J 7.1 Hz, 3H, CH3), 4.46 (q, J 7.1 Hz, 2H, OH2), 5.11(s, 2H, 
OH2), 7.25-7.41(m, 4H, Ar-H), 7.62-7.86(m, 5H, Ar-H); ö (50MHz) 
13.8(CH3), 31.0(CH2), 61.9(CH 2), 109.8(quat), 122.9 126.3, 127.8, 128.5, 
130.2, 131.4, 133.7, 155.2(quat), 160.1(quat), 167.3(quat), 168.9(quat); m/z 
376(8%), 331(19), 275(93), 200(37), 156(36), 148(74), 130(31), 105(100), 
77(56), 69(85), 29(27); Vmax  (nujol) 1743cm 1 (C=0, phthalimide), 1718cm 
1 (C=0, ester). The identity was confirmed by x-ray crystallography: appendix 
1.4 Attempted Deprotection of 
3-Ethoxycarbonyl-5-phenyl-4-phthalimidomethylisoxazole 
(i) 	This attempt was made using the lng-Manski procedure 104. 3- 
Ethoxycarbonyl-5-phenyl-4-phthalimidomethylisoxazole (60mg, 0.1 6mmol) 
and hydrazine hydrate (100% solution, 0.06m1) were stirred in methanol (1 ml) 
at room temperature for 1 h. The solvent was then evaporated, then ether 
(1 OmI), and water (1 Oml) were added to the residue. The organic layer was 
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separated, then dried, and the solvent was evaporated to leave an intractable 
brown oil. 
(ii) 	This attempt was made using the method of Ganem 107 with 3- 
ethoxycarbonyl-5-phenyl-4-phthalimidomethylisoxazole (0.25g, 0.66mmol), 
sodium borohydnde (0.13g, 3.3mmol), and glacial acetic acid (0.7ml). This 
reaction gave an intractable brown oil. 
1.5 3-Amino-i -phenylprop-i-yne 
This was made using the lng-Manske method 104 . 	1-Phenyl-3- 
phthalimidoprop-1 -yne (3g, 1 6.2mmol), hydrazine hydrate (100% solution, 
4.7m1) were added to methanol (60ml). The mixture was stirred for lh at 
room temperature, then boiled at reflux for 10 mm. The insoluble phthaloyl 
hydrazide was removed by filtration, then the solvent was evaporated, after 
which ether (20m1) and water (20m1) were added. The organic layer was 
separated,' then dried, and the solvent evaporated to leave a brown oil 
(1.34g, 63%). This product was used without further purification. (Found: 
m/z 131 .0741. C9H9N requires 131.0735); oH  (200MHz) 1.56br(s, 2H, NH2), 
3.60br(s, 2H, OH2), 7.23-7.41(m, 5H, phenyl); Oc  (50MHz) 31.9(CH2), 
82.2(quat), 90.0(quat), 122.9, 127.8, 128.0, 131.3(quat); m/z 143(100%), 
131(38), 115(74), 103(24), 91(50), 89(28), 77(58), 70(53), 65(25), 63(38); 
vm (nujol) 3335cm -1 (N-H). 
1.6 	N-Benzoyl-3-amino-1 -phenylprop-1-yne 
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3-Amino-i -phenylprop-1 -yne (0.81g, 6.2mmol) and anhydrous sodium 
carbonate (1.31g, 12.4mmol) were added to DCM (20ml) and stirred at room 
temperature under dry nitrogen. After 10mm, benzoyl chloride (0.88ml, 
7.3mmol) was added dropwise, and the mixture was stirred overnight. DCM 
(20ml) and water (20m1) were added, the organic layer was then separated, 
dried, and the solvent evaporated to leave a brown oil. Dry flash 
chromatography (silica, ethyl acetate: hexane, 1: 4), gave white needles of N-
benzoyl-3-amino-1 -phenylprop-1 -yne (0.90g, 62%), m.p. 122-123 0C (from 
ethanol). (Found: C, 81.5; H, 5.4; N, 6.1%. C161-113N0 requires C, 81.7; H, 
5.7; N, 6.0%); (Found: m/z 235.1004. C161-113N0 requires 255.0997); 6H 
(200MHz) 4.46(d, J 5.21-1z, 2H, CI-12) 6.85br(s, 1H, NH), 7.22-7.53(m, 8H, Ar-
H), 7.67-7.86(m, 2H, Ar-H); Sr, (50MHz) 30.4(CH2), 83.4 (quat), 84.7(quat), 
126.9, 128.1, 128.3, 128.4, 131.6, 133.8, 167.0(quat); m/z 235(78%), 
206(35), 149(32), 105(100), 77(65); Vmax  (nujol) 1695cm 1 (C=0). 
1.7 Attempted Synthesis of 
N-Benzoy!-4-aminomethyl-3-ethoxycarbonyl.5-phenylisoxazole 
N-Benzoyl-3-amino-1 -phenylprop-1 -yne 	(98mg, 	0.4mmol) 	and 
ethylchlorooximidoacetate (63g, 0.4mmol) were boiled under reflux in p-
xylene (5ml) under nitrogen atmosphere for 44h. 	The solvent was 
evaporated and the brown oil purified by preparatory h.p.l.c. (S3CN, 15cm, 
hexane: ethanol: ammonia, 94:5:1). No product was isolated from this 
reaction. 
N-Benzoyl-3-amino-1 -phenylprop-1 -yne 	(0.1 8g, 	0.8mmol) 	and 
ethyichlorooximidoacetate (0.11g, 0.8mmol) were stirred in dry ether (5m1) 
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under nitrogen. Triethylamine (O.11ml, 0.8mmol) in ether (5ml), was added 
dropwise over 22h. Water (lOmi) and ether (lOmi) were added and the 
mixture was stirred for a further 10mm. The organic layer was separated, 
dried, then evaporated to leave a white solid. No product was isolated from 
this reaction. 
2. 	Development of Synthetic Route to 
N-Benzoyl-4-aminomethyl-3.5-diphenylisoxpzole 
2.1 	Attempted synthesis of 
3,5-diphenyl-4-phthal I midomethylisoxazole 
1 -Phenyl-3-phthalimidoprop-1 -yne 	(0.50g, 	1 .9mmol), 	and 
benzohydroximidoyl chloride (0.30g, 1.9mmol) were boiled under reflux in p-
xylene (1 OmI) under a nitrogen atmosphere for 24h. No product was isolated 
from this reaction. 
1 -Phenyl-3-phthalimidoprop-1 -yne 	(0.50g, 	1 .gmmol), 	and 
benzohydroximidoyl chloride (0.30g, 1.9mmol) were stirred in dry ether 
(lOmi) under nitrogen. Triethylamine (0.26ml, 1.9mmol) in ether (lOmI) was 
added dropwise over 22h. No product was isolated from this reaction. 
2.2 Attempted synthesis of 
N-Benzoyl-4-aminomethyl-3,5-diphenylisoxazole 
(1) 	N-Benzoyl-3-amino-1 -phenylprop-1 -yne 	(0.25g, 	1 mmol), 	and 
benzohydroximidoyl chloride (0.16g, immol), were boiled under reflux in p- 
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xylene (1 OmI) under a nitrogen atmosphere for 24h. No product was isolated 
from this reaction. 
(2) 	N-Benzoyl-3-amino-1 -phenylprop-1 -yne 	(0.25g, 	1 mmol) 	and 
benzohydroximidoyl chloride (0.09g, 0.53mmol) were stirred in dry ether 
(5ml) under nitrogen. Triethylamine (0.08m1 0.53mmol) in dry ether (5m1) 
was added dropwise over 18h. No product was isolated from this reaction. 
2.3 	via Nitrile Oxide Cycloaddition to Ethyl phenyl propiolate 
2.3.1 a-Benzaldehyde Oxime 
This was prepared by the method of Vogel 120 , from benzaldehyde, 
sodium hydroxide, and hydroxylamine hydrochloride. The crude reaction 
product was fractionated to give a-benzaldehyde oxime (71%) b.p. 95-1020C 
at lOmmHg (ljt. 120 , 122-1240C at 12mmHg); 6H  (60MHz) 7.13-7.80(m, 5H, 
Ar-H), 8.20br(s, 1 H, CH), 9.50br(s, 1 H, OH). 
2.3.2. 4-Ethoxycarbonyl-3,5-diphenylisoxazole 
(1) 	Ethyl phenyipropiolate (2g, 11 .5mmol) and benzohydroximidoyl 
chloride (0.89g, 5.7mmol) were stirred in dry ether (25ml) under nitrogen. 
Triethylamine (0.80ml, 5.7mmol) in dry ether (20m1) was added dropwise 
over 24h. The solvent was evaporated and the clear oil subjected to dry flash 
chromatography (silica, DCM: hexane, 1:19) which gave the product as a 
clear oil (1.48g, 89%). (Found: m/z 293.1047. C181-1115NO3 requires 
2931052 ); 6H (200MHz) 1.09(d, J 7.1 Hz, 31-11, CH3) 4.20(t, J 7.1 Hz, 21-11, CH2), 
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7.93-7.98(m, 2H, Ar-H); ö € (50MHz) 13.3(CH3), 60.9(CH2), 108.1(quat), 
126.5, 127.9, 128.1, 128.4, 128.7, 129.5, 130.9, 161.9(quat), 162.7(quat), 
172.0(quat); mlz 293(21%), 105(54), 77(24), 69(100), 51(19); Vm 	(film) 
1720cm 1 (0=0). 
(2) 	cc-Benzaldehyde oxime (0.93g, 7.6mmol) was dissolved in dry 
chloroform (lOmi). N-Chlorosuccinimide (1.02g, 7.6mmol) was added to a 
stirred solution of dry chloroform (lOmi), and pyridine (0.08ml); to this solution 
was added the oxime solution. The combined solution was stirred at room 
temperature for 30 mm, then cooled to 0°C. Ethyl phenylpropiolate (2g, 
11 .5mmol) was added, then over 12h dry tnethylamine (0.82g, 8.1mmol) was 
added dropwise. The mixture was allowed to stand for 4h then the solvent 
was evaporated. Ether (30ml) and water (20ml) were added and the mixture 
stirred for 10 mm. The organic layer was separated, then washed with 
hydrochloric acid (2M, 2 x 20m1) dried and evaporated to leave a clear oil. 
Dry flash chromatography (silica, DCM: hexane, 1: 19) gave 4-
ethoxycarbonyl-3,5-diphenylisoxazole (1.08g, 48%). 
2.3.3. 4-Hydroxymethyl-3,5-diphenylisoxazole 
4-Ethoxycarbonyl-3,5-diphenylisoxazole (1.50g, 5.1 mmol) was added 
to dry DCM (35m1) and cooled to -780C under a dry nitrogen atmosphere. 
Diisobutylaluminium hydride (1 5.3ml, of a 1 M solution in hexanes) was added 
dropwise to the stirred solution. After 50 min methanol (40m1) was added 
dropwise, and the mixture warmed to room temperature. The solvent was 
evaporated, then DCM (20m1) was added, and the reaction was extracted 
with hydrochloric acid (2M, 2 x 20m1). The organic layer was dried and the 
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solvent was evaporated to leave 4-hydroxymethyl-3,5-diphenylisoxazole as a 
white solid (1.07g, 84%) m.p. 137.5-139 0C (from ethanol). (Found: C, 76.1; 
H, 5.2;'N, 5.6%. C16H13NO2 requires C, 76.5; H, 5.2; N, 5.6%); (Found: m/z 
251.0944. C16H13NO2 requires 251.0946); 8H  (200MHz) 2.43br(s, 1H, OH), 
4.66br(s, 2H, CH2), 7.25-7.52(m, 6H, Ar-H), 7.79-7.89(m, 4H, Ar-H); ör 
(50MHz) 53.8(CH2), 112.1(quat), 127.3, 128.3, 128.6, 128.8, 128.9, 129.7, 
130.3, 163.6(quat), 169.0(quat); m/z 251(100%), 222(27), 118(19), 105(76), 
77(53), 69(90); vm  (nujol) 3260cm -1 (0-H). 
2.3.4 4-Hydroxyrnethyl-3,5-diphenylisoxazole p-Toluenesulphonate Ester 
This was made using the method of Mori and Kinsho 121 , with 4-
hydroxymethyl-3,5-diphenylisoxazole (0.63g, 2.5mmol), and p-
toluenesulphonyl chloride (0.77g, 4.Ommol) in pyridine (5m1). This gave 4-
hydroxymethyl-3,5-diphenylisoxazole p-toluenesulphonate ester as a yellow 
solid (0.71g, 70%). This product was used without further purification. 
(Found: m/z (FAB, glycerol) 406.11130. CH19N04S requires 406.11129); 
6H (200MHz) 2.47(s, 3H, CH3), 4.62(s, 2H, CH2), 7.31-7.59 (m, 8H, Ar-H), 
7.76-7.94(m, 6H, Ar-H); ö (50MHz) 21 .7(CH3), 36.2(CH 2), 11 0.4(quat), 
126.9, 127.3, 127.7, 128.3, 128.8, 128.9, 129.1, 129.7, 130.0, 130.1, 130.7, 
141 .5(quat), 1 46.7(quat), 1 63.0(quat), 1 68.8(quat); 5C (50MHz) ((CD3)2S0) 
21.0(CH3), 36.6(CH2), 111.0(quat), 125.7, 126.5, 127.3, 127.7, 128.0, 128.3, 
128.5, 129.5, 130.4, 130.5, 131.3, 138.6(quat), 144.7(quat), 162.8(quat), 
168.2(quat); m/z (FAB, glycerol) 234(M-172, 8%), 154(47), 105(32), 91 (100), 
77(38), 65(26), 51(24), 40(20); vm (film) 1370cm 1 (-S02-O-), 
1175cm -1 (..S02..Q..) 
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2.3.5 4-Formyl-3,5-diphenylisoxazole 
This was made using the method of Corey and Suggs 122 with 
pyridinium chlorochromate (0.37g, 1 .7mmol), 4-hydroxymethyl-3,5-
diphenylisoxazole (0.29g, 1.15mmol) in DCM (7m1). This gave white solid 
which was subjected to dry flash chromatography (silica, ethylacetate: 
hexane, 1: 19) and gave 4-formyl-3,5-dipheny lisoxazole as white needles 
(0.20g, 69%) m.p. 112-1140C (from ethanol! hexane). (Found: C, 76.7; H, 
4.6; N, 5.5%. C16H11NO2 requires C, 77.1; H, 4.45; N, 5.6%); (Found: m!z 
249.0792. C16H11NO2 requires 249.0790); 8H (200MHz) 7.42-8.23(m, 
1OH, Ar-H) 10.00(s, 1H, CHO); Er (50MHz) 114.3(quat), 127.3, 128.4, 128.6, 
129.0, 129.3, 129.9, 130.1, 130.4, 163.3(quat), 166.1(quat), 184.1(CHO); m!z 
249(58%), 220(20), 105(100), 77(61), 51(23); Vmax  (nujol) 1685cm 1 (C=O), 
2.3.6 3,5-Diphenylisoxazyl-4-aldehyde oxime 
4-Formylmethyl-3,5-diphenylisoxazole (0.26g, 1 .Ommol) was dissolved 
in pyridine (4ml) with stirring under dry nitrogen. Hydroxylamine 
hydrochloride (0.18g, 2.5mmol) was dissolved in pyridine (2m1) and this was 
added to the aldehyde solution. The reaction was stirred for 3h at room 
temperature, then 10 min at 50 0C. DCM (20ml) and water (20ml) were 
added, the organic layer was separated, extracted with sodium hydroxide 
solution (2M, 2 x 1 OmI) and dried. The solvent was evaporated and the white 
solid subjected to dry flash chromatography (silica, ethyl acetate: hexane, 1: 
9) which gave both isomers of the oxime. 
Anti-addition, E-isomer gave white plates after crystallisation (0.19g, 
73% overall) m.p. 132-133 0C (from ethanol). (Found: C, 72.3; H, 4.6; N, 
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10.6%. C16H12N202 requires C, 72.7; H, 4.6; N, 10.6%); (Found: m/z 
264.0893. C16H12N202 requires 264.0899); 6H  (200MHz) 7.25-7.88 (m, 10H, 
Ar-H), 8.12(s, 1H, CH), 8.74br(s, 1H, OH); ö (50MHz) 107.1(quat), 126.9, 
127.9, 128.2, 128.5, 128.7, 128.9, 129.8, 130.7, 141.0 (C-H, oxime), 
1 62.3(quat), 1 68.7(quat); m/z 264(20%), 131(26), 119(25), 105(40), 77(30), 
69(1 00); vm (nujol) 331 0cm 1 (0-H). 
Syn-addition, 2-isomer gave after chromatography an oft-white solid 
(0.05g, 19% overall) m.p. 110-111 0C. (Found: m/z 264.0904. C16H12N202 
requires 264.0899); 5H (200MHz) 7.42-7.88(m, 10H, Ar-H), 8.04br(s, 1H, 
OH), 8.13(s, 1H, CH); öc (50MHz) 107.1(quat), 126.9, 127.4, 127.7, 128.0, 
128.5, 128.6, 130.5, 141.2 (C-H, oxime), 161.7(quat), 167.6(quat); m/z 
264(52%), 131(35), 119(23), 105(100), 93(36), 77(86), 69(89); vmax  (nujol) 
3380cm 1 (0-H). 
2.3.7 4-Aminomethyl-3,5-diphenylisoxazole 
(1) 	via 4-diformylamidemethyl-3,5-diphenylisoxazole 
(i) Preparation of 4-diformylamidemethyl-3,5-diphenylisoxazole 
This was made using the Yinglin and Hongwen 109 procedure from 
sodium diformylamide (30mg, 0.3mmol) and 4-hydroxymethyl-3,5-
diphenylisoxazole p-toluene sulphonate ester (1 00mg, 0.3mmol) in dry DMF 
(0.5m1). This gave 4-diformylamidemethyl-3,5-diphenylisoxazole (80mg, 
87%) as a brown solid. This product was used without further purification. 
(Found: m/z (FAB,glycerol) 307.10826. C18H14N203 requires 307.10826); 8H 
(60MHz) 4.90(s, 2H, CH2), 7.33-8.07(m, 10H, Ar-H), 8.33(s, 2H, CHO); m/z 
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(FAB, glycerol) 307(M+1, 21%), 133(86), 105(84), 91(19), 76(48), 44(96), 
38(20), 27(1 00), 23(30). 
(ii) Preparation of 4-aminomethyl-3,5-diphenylisoxazole hydrochloride 
This was made using the method of Yinglin and Hongwen 109 from 4-
diformylamidemethyl-3,5-diphenylisoxazole (80mg, 0.26mmol) and ethanolic 
hydrochloric acid (5% v/v, lOmI). The mixture was heated to reflux for 10 
mm, then water (lOmI) and ether (lOmi) were added. The organic layer was 
separated, then dried, and the solvent was evapGrted to leave a brown oil 
(59mg, 91%). This product was used without further purification. (Found: 
m/z (FAB, glycerol) 251.11841. C16H14N20 requires 251.11843); 8H 
(200MHz) ((CD3)2S0) 4.16br(s, 2H, CI-12), 7.58-7.85(m, 10H, Ar-H); 
(50MHz) ((CD3)2S0) 31 .6(CH2), 1 07.8(quat), 1 26.7(quat), 128.0, 128.1, 
128.9, 130.0, 131.7, 163.7(quat), 169.2(quat); m/z (FAB, glycerol) 251 (M+1, 
38%), 234(85), 221(43), 147(21), 74(100), 58(44), 44(43), 30(40); Vmax 
(nujol) 2590cm 1 (NH3+). 
(2) 	via 3,5-diphenylisoxazyl-4-aldehyde oxime. 
3,5-Diphenylisoxazyl-4-aldehyde oxime (0.19g, 0.72mmol), zinc dust 
(0.38g, 5.8mmol), ammonium acetate (0.04g, 0.58mmol), aqueous ammonia 
(4.4m1, s.g. 0.88), and ethanol (1.5ml) were brought to reflux for 18h. DCM 
(20ml) and aqueous hydrochloric acid (2M, 20m1) were added and the 
mixture was stirred for a further 10 mm. The aqueous layer was separated 
and diluted in DCM (20m1), the mixture was then made alkaline with aqueous 
sodium hydroxide (2M, 40m1). The organic layer was separated, and the 
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aqueous layer was extracted with DCM (2x5m1). The combined organic layer 
was dried, then evaporated to leave a brown oil (0.16g, 89%). This product 
was used without further purification. Sr (50MHz) ((CD3)2S0) 34.2(CH2), 
114.8(quat), 125.3, 127.3, 127.5, 127.8, 128.5, 129.0, 129.3, 129.9, 130.4, 
131.1, 139.0, 163.4(quat), 1 66.8(quat). 
2.3.8 N-Benzoyl-4-aminomethyl-3,5-diphenylisoxazole 
4-Aminomethyl-3,5-diphenylisoxazole (0.1 Og, 0.4mmol) and anhydrous 
sodium carbonate (0.04g, 0.4mmol) were stirred in DCM (2ml), under dry 
nitrogen. After 10 mm, benzoyl chloride (0.06g, 0.46mmol) was added 
dropwise, and the mixture was stirred for 1 h at room temperature, then boiled 
under reflux for 30 mm. DCM (5m1) and water (5m1) were added and the 
mixture was stirred for 10 mm. The organic layer was separated, dried, and 
then evaporated to leave a white crystalline solid (100mg, 71%), m.p. 171-
173°C (from ethanol! hexane). (Found: m/z (FAB, glycerol) 355.14467. 
CH19N202 requires 355.14464); 8H  (200MHz) 4.72(d, J 4.6Hz, 2H, OH2), 
6.40br(s, 1H, NH), 7.30-7.76(m, 15H, Ar-H); 6H (50MHz) 33.9(CH2), 
109.2(quat), 126.8, 127.2, 127.5, 128.1, 128.2, 128.5, 128.7, 129.0, 129.9, 
130.4, 131.6, 133.6, 163.3(quat), 167.3(quat), 168.0(quat); m/z 354(41%), 
235(100), 221 (42), 181(36); vmax (film) 3290cm -1 (N-H), 1625cm 
1 (C=0). 
3. 	Attempted synthesis of 
3.6-Diphenyl-[5.4-elisoxazo-4H-benz[c]azepine 
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N-Benzoyl-4-aminomethyl-3,5-diphenylisoxazole (60mg, 0.1 7mmol), 
was added with stirring to dry DMF (0.5m1) under a dry nitrogen atmosphere. 
Thionyl chloride (24mg, 0.2mmol) was added dropwise to the mixture, then 
stirred overnight. The solvent was removed under high vacuum at 30-35 0C 
for 3h. Dry THF (0.75m1) was added and the mixture cooled to 0°C under dry 
nitrogen. Solid potassium tert-butoxide (45mg, 0.4mmol) was added in one 
portion and the mixture was stirred for 30 min at OOC,  then 30min at room 
temperature. The solution was acidified with aqueous ammonium chloride 
(25% w/v), and stirred for a further 10 mm. DCM (lOml) was added, the 
organic layer separated, and the aqueous layer extracted with DCM(2x5m1). 
The combined organic layer was dried, and the solvent was evaporated. This 
reaction returned N-benzoyl-4-ammnomethyl-3,5-diphenylisoxazole. 
This attempt was made using the method as in (1) above, with N- 
benzoyl-4-aminomethyl-3,5-diphenylisoxazole (60mg, 0.1 7mmol), dry DMF 
(0.5m1), and thionyl chloride (62mg, 0.85mmol). After drying the reaction 
mixture was dissolved in THE (5m1), and cooled to 0°C under a dry nitrogen 
atmosphere. Solid potassium tert-butoxide (0.13g, 1.1mmol) was added in 
one portion with rapid stirring. The mixture was stirred at 0°C for 30 mm, 
allowed to warm to room temperature and stirred for a further 30 mm. After 
the work-up as in (1) above, it was shown by 1 H n.m.r. that N-benzoyl-4-
aminomethyl-3,5-diphenylisoxazole had been returned. 
This attempt was made using the method as in (1) above, with N- 
benzóyl-4-aminomethyl-3,5-diphenylisoxazole (40mg, 0.11 mmol), dry DMF 
(0.5ml), and thionyl chloride (67mg, 0.56mmol). The reaction was stirred at 
600C for 1.5h. After drying, the reaction mixture was dissolved in THF (3m1), 
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and cooled to OOC, under a dry nitrogen atmosphere. Solid potassium fert-
butoxide (80mg, 0.71 mmol) was added in one portion with rapid stirring. The 
mixture was stirred at OOC  for 30 mm, allowed to warm to room temperature, 
and stirred for a further 30mm. After work-up as in (1) above, it was shown 
by 1 H n.rii.r. that N-benzoyl-4-aminomethyl-3,5-diphenylisoxazole had been 
returned. 
N-Benzoyl-4-aminomethyl-3,5-diphenylisoxazole (40mg, 0.11 mmol), 
dry ether (5ml), and thionyl chloride (1.06g, 9.03mmol) were heated at reflux, 
under a dry nitrogen atmosphere overnight. The solvent was evaporated and 
the residue dried under high vacuum for 3h. Dry THF (3m1) was added and 
the mixture cooled at 0°C. Solid potassium tert-butoxide (40mg, 0.33mmol) 
was added in one portion with rapid stirring under dry nitrogen. The mixture 
was stirred for 30 min at OOC,  allowed to warm to room temperature, and 
stirred for 30 mm. The solution was acidified with aqueous ammonium 
chloride (25% w/v), and stirred for a further 10 mm. DCM (lOmI) was added, 
the organic layer separated, and the aqueous layer extracted with DCM (2 x 
5m1). 	The combined organic layer was dried, and the solvent was 
evaporated. 	This reaction returned N-benzoyl-4-ami nomethyl-3 ,5- 
diphenylisoxazole. 
This attempt was made using the method of Motion 10 , with N-benzoyl- 
4-aminomethyl-3,5-diphenylisoxazole (50mg, 0.1 4mmol), phospho rous 
pentachloride (34mg, 0.16mmol), and dry ether (lOmI). The mixture was 
heated to reflux for 20h, the solvent was then evaporated and the residue 
placed under high vacuum for 3h at 40 0C. Dry THF (lOmI) was added to the 
mixture at O'C, under a dry nitrogen atmosphere. Potassium tert-butoxide 
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(36mg, 0.32mmoI) was added in one portion and the mixture was stirred for 
30 min at OOC, then 30 min at room temperature. The solution was acidified 
with aqueous ammonium chloride (25% w/v), and stirred for a further 10 mm. 
DCM (1 OmI) was added, the organic layer separated, and the aqueous layer 
extracted with DCM (2 x 5m1). The combined organic layer was dried, and 




n.m.r. spectral data, (80MHz) ((CD3) 2S0). 
Ph 
-OH2- 	25 0C 	3.77( d, J 10.2Hz, 1 H), 4.87( d, J 10.211z, 1 H). 
149 00 	 4.32br( s, 2H). 
Ar-H 	25 00 	7.24-7.87( m, 13H, Ar-H). 
T(°C) 	149±2. 
i G#(kJmoll) 	86.1.± 0.5. 
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Appendix 1 
1 H n.m.r. spectral data, (80MHz) (CDCI3) 
-CH2- 	25 00 	4.52 br( s, CH2). 
•18 00 	3.95( d, J 10.75Hz), 5.10( d, J 10.75Hz). 
Ar-H 
	
25 0C 	7.03-7.70( m, 11 H, Ar-H). 
T(°C) 	28±2. 
i\G#(kJmol 1 ) 60.3 ± 0.5. 
Mass spectra 
m/z 275(57%), 274(100), 171(28), 28(98). 
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Appendix 1 
n.m.r. spectral data, (80MHz) (CDCI3). 
Ph 
-OH2- 	25 00 	 4.55br( s, CI-12). 
-18 00 	 3.97( d, J 11.21-1z), 5.13(d, J 11.21-1z). 
Ar-H 
	
250C 	7.24-7.71( m, 11H, Ar-H). 
T(°C) 	24±2. 
AG#(kJmoIl) 59.5 ± 0.5. 
Mass spectra 
m/z 275(51%), 274(1 00), 171 (47). 
Appendix 1 
n.m.r. spectral data, (80MHz) (CDCI3). 
Ph 
-C H2- 	34 OC 	 4.41 br( s, CH2). 
-23 OC 	 3.70( d, J1 1.31-1z), 5.1 2( d, J1 1.31-1z). 
Ar-H 	34 °C 	7.06-7.76( m, 11 H, Ar-H). 
Tc(°C) 	2±2. 
G#(kJmoll) 54.5 10.5. 
Mass spectra. 
(FAB, glycerol) 276(100%), 171(20), 49(26), 43(31), 36(21), 28(98). 
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Appendix 1 
1 H n.m.r. spectral data, (80MHz) (CDCI3). 
Ph 
-OH2- 	25 OC 	4.50br( s, CH2). 
-23 0C 	3.93( d, J 12.1 Hz), 5.07( d, J 12.1 Hz). 
Ar-H 
	
25 0C 	7.14-7.77( m, 11H, ArH). 
T(°C) 	23± 2. 
iG#(kJmoIl) 59.3 ± 0.5. 
Mass spectra. 
m/z 276(20%), 275(90), 274(100), 171(37), 59(21). 
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Appendix 1 
1 11 n.m.r. spectral data, (80MHz)(CDCI3). 
ar 
-OH2- 	25 00 	 4.57br( s, OH2). 
.45 OC 	3.91 ( d, J 11.2Hz, OH2), 5.23( d, J 11.211z, OH2). 
Ar-H 	2500 	6.94( d, J 1.8Hz, 4-H furo), 7.33-7.65( m, 1OH, 
Ar-H). 
T(°C) 	-22±2. 
AG#(kJmol - l) 49.6 ± 0.5. 
Mass spectra. 
m/z 259(100%),128(15),105(12), 77(13), 44(10), 36(26), 32(25). 
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Appendix 1 
n.m.r. spectral data, (80MHz) ((CD3) 2S0). 
KI 
Ph+ 
-CH2- 	34 00 	 3.80( d, J 11 Hz), 3.91 ( d, J 11 Hz), 4.93( d, 
J 11 Hz), 4.98( d, J 11 Hz). 
115 00 	4.46br( s, 2 x OH2). 
Ar-H 
	
34°C 	7.20-8.00( m, 21H, Ar-H), 8.18-8.36( m, 1H, Ar-H), 
8.62-8.76( m, 2H, Ar-H). 
T(°C) 	112±2. 
G#(kJmoll) 78.2 ± 0.5. 
Mass spectra. 
m/z 270(100%), 269(64), 167(35), 32(21). 
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Appendix 1 
n.m.r. spectral data, (80MHz) ((CD3)2S0). 
Ph 
-CH2- 	34 OC 	3-83(d, J 10.61-1z, CI-12), 4.95( d, J 10.61-1z, OH2). 
117 00 	4.89br( s, CI-12). 
Ar-H 
	
34 OC 	 7.41-7.63( m, 811, Ar-H), 7.80-7.91( m, 2H, Ar-H), 
8.53( s, 1 H, 2-H pyrido), 8.79( d, J 5.2Hz, 1 H, 6-H 
pyrido). 
Tc(°C) 	115±2. 
iG#(kJmoll) 78.6 ± 0.5. 
Mass spectra. 
m/z 270(100%), 269(61), 167(24), 139(14), 120(9). 
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Appendix 1 




25 OC 	 3.99( d, J 11.7Hz, 1 H),4.98( d, J 11 .7Hz,1 H). 
71 00 	 4.49br( s, 2H). 
25 OC 	 7.43-7.60( m, 9H, Ar-H), 7.79(dd, J 7.9Hz, 
J 1.8Hz, 4-H pyrido), 8.06-8.16( m, 1H, Ar-H), 




AG#(kJmoli) 69.7 ± 0.5. 
n.m.r. spectral data, (360MHz) ((CD3)2NCDO). 
-OH2- 	25°C 	3.81(d,J 10.61-1z, 1H),4.87(d,J 10.6Hz, 1H). 
Ar-H 
	
25 0C 	7.23-7.46( m, 7H, Ar-H), 7.71 ( dd, J 7.9Hz, 
J 1.8Hz, 1 H, 4-H pyrido), 7.88br( s, 2H, Ar-H), 
8.02( m, 1 H, Ar-H), 8.82( dd, J 4.7Hz, Ji .81-1z, 1 H, 
6-H pyrido). 
Mass spectra. 
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